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The soybean, long known as "The Meat of the Fields" in 
the Orient, has become the number one cash crop in the United 
States (United States Department of Agriculture, 1969) . The 
United States soybean production in 1968 totaled 1,079,662 
thousand bushels, an increase of 9.6 per cent above the 1967 
production of 985,184 thousand bushels. 
While production has increased, the quantities of carry­
over soybean have also increased. According to the USDA 
Statistical Reporting Service (United States Department of 
Agriculture, 1968) the carryover stock of previous years' 
soybeans totaled 35.6, 90.1 and 166.6 million bushels for 
1966, 1967, and 1968, respectively. 
This increase of carryover soybeans has been a concern 
to agronomists, seedsmen and farmers alike because seeds 
deteriorate rapidly, especially when stored under unfavorable 
conditions. Seeds attain maximum quality at physiological 
maturity and begin to deteriorate thereafter. The deteriora­
tion of seeds, which is an inexorable, continuous and irre­
versible process, leads progressively to loss of vital 
functions. This process continues until the seed can no 
longer fulfil its functional role and death ensues. The 
literature on soybean storage is voluminous. However, there 
is little definitive information on soybean seed deterioration 
and its consequences other than the loss of germinative 
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capacity. The increasing quantities of carryover soybeans 
suggest that findings on soybean deterioration will be useful 
in developing methods of predicting potential field per­
formance of seeds of various deterioration levels. 
The objectives of this study were to determine the 
relationship between soybean seed quality, seedling vigor 
(germination, growth rate, cold test, electrical resistance 
of seed leachates, tetrazolium test, glutamic acid decarboxy­
lase activity, respiration, photosynthesis, carbohydrate and 
nitrogen fractions) and field performance including yield. 
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LITERATURE REVIEW 
Seeds are at the peak of quality at the time of physio­
logical maturity. After this stage, the seed declines in 
vigor until it eventually dies (Harrington, 19 67, Helmer 
et al., 1962) . 
Seed vigor, which is one of the measures of seed quality, 
has been the focus of much research in recent years. The 
concepts of seed vigor have been reviewed extensively by 
Delouche and Caldwell (1960), Heydecker (1965), and Isely 
(1957, 1958). From the reviews, two ideas enter into most 
concepts of vigor. They are: (1) susceptibility to unfavor­
able field conditions, such as temperature, moisture, and 
pathogens, and (2) the vigor per se concept (Isely, 1957) 
which recognizes the importance of the environment in stand 
establishment. A seed or seedling low in vigor is more 
susceptible to adverse conditions than one of high vigor 
(Delouche and Caldwell, 1960) . The vigor per se concept 
places the emphasis on the seed. This concept is sufficiently 
broad to include vigor differences beyond the seed and seed­
ling stage. Besides, it has application both under favorable 
and unfavorable conditions. 
Seed Storage 
Of the many factors that determine the storage life of 
soybean seeds, seed moisture, temperature, time, and prior 
history of the seed lot have a most pronounced influence on 
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seed storage. Other factors, such as molds and insects, are 
dependent on the favorable moisture and temperature conditions 
in the storage medium. Thus, most storage problems can be 
minimized by manipulating the moisture and temperature con­
ditions to levels that are favorable for seeds and adverse 
for molds and insects (Christensen 1967, Grabe 1965b, Kennedy 
1964, Oathout 1928, Robertson et al. 1943, and Toole and 
Toole 1946). 
Investigators agree that the moisture-temperature 
relationships are the twin basic factors of practical 
importance. It is generally possible to prolong the life of 
a seed if both the temperature and moisture are relatively 
low. Harrington (1967) suggested that for each drop of 10°F, 
the life of a seed is doubled and for each drop of 1% in 
seed moisture, the life of the seed is also doubled. 
Toole and Toole (1946) stored two varieties of soybean 
seeds at moisture content varying from 5.2-18.1 per cent at 
four different temperatures of -10®, 2°, 20°, and 30°C. 
They reported that the seeds with the highest moisture con­
tent lost viability extremely rapidly at the highest tempera­
tures. Seeds stored at -10° and 2°C maintained good germina­
tion from five to six years. Seeds stored at 30°C for one 
year at eight and nine per cent moisture showed little or no 
loss of germination. Those stored at 20°C for the same 
moisture content (8-9 per cent) germinated 90 per cent after 
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five years and lost viability gradually in subsequent years. 
James et al. (1967) reported that soybean seeds stored at 
11.4 per cent moisture and at 32.2"C for 34 weeks lost via­
bility. However, the germination per cent of seeds stored 
at the same temperature and time at 7.92 per cent moisture 
was 73 per cent. They concluded that seeds high in oil 
generally deteriorate rapidly under conditions of high 
humidity and temperature. Toole and Davidson (1936) reported 
that soybeans with 7.1 per cent moisture retained their 
viability longer than those with 9.0 per cent moisture. 
Varieties high in oil had a greater rate of deterioration 
than low oil varieties. Ramstad and Geddes (1942) stored 
soybeans with moisture contents varying from 13,8 to 16.9 
per cent for three and one-half months at room temperature 
and at 37.8°C. They reported that none of the soybean seeds 
were viable. However, seeds stored at the same length of 
time at 2®C retained a high degree of viability. Germina­
tion percentage of seeds stored at 2°C for 18 months at 13.8, 
14.9, 15.8, and 16.9 per cent moisture was 85, 84, 78, and 
42 per cent, respectively. They suggested that soybeans 
should be stored at about 10 per cent moisture and at as low 
a temperature as feasible. 
According to Oathout (192 8) , soybean seeds with 10-14 
per cent moisture maintained their vigor in ventilated storage 
for two years. However, when the moisture content exceeded 
14 per cent, ventilation and heat were critical factors 
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affecting their vigor. Warm spring and summer temperatures 
brought about rapid deterioration. 
Soybean storage in farm-type bins was studied by Holman 
and Carter (1952). They reported that seeds with moisture 
content of less than ten per cent could be "safely" stored 
for one year with a slight decrease in vigor. Moisture 
migration was not a serious problem in soybeans with moisture 
content below 12 per cent. 
Vigor Tests 
Many tests have been devised for measuring seed and seed­
ling vigor. Isely (1957) categorized them into two classes: 
(1) direct tests which stimulate pertinent unfavorable field 
conditions on a laboratory scale and (2) indirect tests which 
measure certain physiological attributes of the seeds. 
The cold test, a direct test, is the only vigor test in 
widespread use today. The indirect tests which are currently 
being used include growth rate, stress, physical, biochemical, 
and physiological measurements, field emergence and yield 
tests. 
Cold test 
According to Isely (1950), "...the cold test is essential­
ly a measure of the ability of corn seed lots to succeed under 
field conditions which allow germination to proceed only 
slowly." It was developed to measure the response of corn 
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seed lots to cold and wet conditions following planting in 
the field. Reviews of the factors affecting the corn cold 
test have been presented by Isely (1950), Rice (1944) , and 
Svien and Isely (19 55). 
Metzer (1967) subjected soybeans to physical and physio­
logical deterioration and compared them for vigor using 
different vigor indices. He reported that the cold test was 
more sensitive in detecting slight differences in seed 
quality than the standard germination test. He concluded 
that the cold test was necessary to detect initial stages of 
deterioration. Grabe et al. (1967) studied the daily incre­
ments of physiological deterioration of soybeans. They 
reported that the cold test was a sensitive index of vigor. 
Porter (19 46) germinated soybeans in Pythium-infested 
soil-sand mixture at 15 per cent moisture held at 10°C for 
seven days. At the end of seven days they were transferred 
to a room temperature of 26-28°C for five days. He found a 
high per cent of baldhead seedlings in which the plumule was 
either dead or partially decayed. Treating seeds with fungi­
cide greatly reduced the incidence of baldhead seedlings. 
Clark and Bauldauf (1958) also reported that the cold test 
was more accurate than the standard germination in predicting 
the field germination of peas. 
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Growth rate tests 
Germination/ germination speed (Edwards, 1934, Kotowski, 
1926), "first count" (Delouche, 1968), dry weight (Grabe,1965a) 
and seedling length (Woodstock and Combs, 1965, Woodstock and 
Feeley, 1965) have been used to evaluate seedling vigor. 
The measurement of germination involves two factors: 
(1) the germination percentage and (2) the germination rate 
(Maguire, 1962), also known as the emergence rate index 
(Allan et al., 1962). Germination per cent is represented by 
viability and it is not sensitive enough to detect slight 
differences in seed quality Grabe et , 1967, Metzer, 1967). 
Germination rate represents vigor and reflects seed deteriora­
tion. The failure of germination per cent to reflect seed 
deterioration is due to the fact that germination per cent is 
interpreted on a morphological rather than a physiological 
basis (Delouche, 1968) . A seedling with all its essential 
parts is considered normal and germinable although it germi­
nated late and its size is relatively small. The advantage 
in a germination test is that it is simple, easy and gives 
reproducible results (Metzer, 1967) . 
A test for measuring germination speed has been proposed 
by Kotowski (1926) according to the following equation: 
A, + Ap ... + A 
Coefficient of velocity = 100 x ^ —+ a T ...AT 
11 2 2 XX 
where A = number of seedlings emerging and T = the number of 
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days after planting. This test, which has been used as an 
index of vigor, is based on the assumption that the less 
vigorous seeds emerge slowly. The coefficient of velocity 
increases when; (1) the number of seedlings increases and 
(2) the time of germination decreases. The highest theoreti­
cal value of coefficient of velocity is 100 when = 100 and 
T^ = 1. Practically, the values are limited within two and 
fifty. Although this method has been used quite extensively 
in evaluating vigor, it may not be applicable to seeds with 
varying degrees of dormancy. 
Recently there has been a revival of interest in speed of 
germination as a sensitive index of vigor. This aspect of 
germination has been measured in a variety of ways and given 
several names, such as "emergence rate" index (Allan ^  al., 
1962), germination rate (Maguire, 1962), "peak value" (Czabator, 
1962). and speed of germination (Lawrence, 1963) . In some 
cases speed of germination has been combined with germination 
to give a single value, such as "germination value" (Czabator, 
1962) . 
Delouche (1953) studied the influence of moisture and 
temperature on the germination of soybeans. He reported that 
30°C gave the maximum germination in the shortest time period. 
Wilson (1928) found that differences in temperature could 
reveal differences in vigor levels of seed lots. He reported 
that high vigor seeds germinated equally well at 10°, 15®, 
25°, and 30°C. However, soybeans of low vigor germinated 
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best at 25°C. 
Caldwell (1960) evaluated the vigor of garden peas by 
germinating them at different moisture-temperature combina­
tions in sterile sand. He recommended a moisture level of 
70 per cent and a temperature of 30°C as a vigor test for 
garden peas. Caldwell advocated this test because; (1) a 
good correlation was obtained between this test and field 
emergence, (2) the test is physiological and not subject to 
the weakness of pathological tests conducted in soil, (3) 
the test is sufficiently severe to detect weak seed lots, 
(4) the use of "sterile" conditions and controlled environ­
ment makes it adaptable for standardization among its users. 
Metzer (1967) compared different methods of evaluating 
vigor of soybean seeds. He found that speed of germination 
furnished a measure of vigor that was frequently not evident 
in standard germination tests. Kittock and Law (1968) and 
Throneberry and Smith (1955) reported a high correlation 
between speed of germination and vigor of corn and wheat 
seeds, respectively. 
More recently, another index of seed vigor has been 
proposed by Delouche (1968) . Delouche (1968) reported that 
"first count" (germination at the end of four days) reflected 
vigor more than "final count." Another attribute of this 
indicator is that it is simple and easy. Grabe (19 65a) 
reported that vigorous seeds required fewer days to reach 
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50 per cent germination than less vigorous seeds. 
Seeds which have high germination per cent are not 
always highly vigorous (Delouche, 1968) . This has led to 
the development of other methods for the measure of seed 
vigor. One of such measures is seedling length. Metzer 
(1967) found that seedling length of soybeans was a good index 
of vigor. He germinated soybeans of varying quality in 
sterile sand at 31°C. Seedlings were measured at the end of 
48 hours after planting. He reported a correlation coef­
ficient of 0.81, 0.79, 0.64, and 0.70 between seedling length 
and germination, cold test, field emergence, and tetrazolium 
test, respectively. Other workers (Grabe, 1965a; Woodstock 
and Combs, 1964; and Woodstock and Feeley, 1965) have reported 
that seedling length was significantly correlated with seed 
vigor. 
Information is scarce on the dry matter content of soy­
bean seed lots of different vigor. Funk ^  al. (1962) 
compared the vigor of two corn seed lots. One lot had 98 and 
the other 38 per cent germination from cold test results. 
They found that these seed lots had 0.55 and 0.28 gm. per 
seedling, respectively. Woodstock and Combs (1965) irradiated 
corn seed lots to provide different degrees of vigor. They 
reported that the less vigorous seeds lost the least dry 
weight due to inhibition of respiration by irradiation. 
Kittock and Law (1968) found no positive correlation between 
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vigor and dry matter of wheat seedlings. 
Electrical resistance test 
The electrical resistance of organic leachates has been 
employed as an index of vigor. The hypothesis is that 
healthy protoplasts allow only small quantities of electro­
lytes to leach through the membrane. Injury results in 
changes within the protoplast which alter the semi-permeable 
properties of its membranes. Thus, the seed with different 
degrees of deterioration may be evaluated by the conductivity 
of its organic leachates. 
Presley (1958) measured the electrical resistance of 
organic leachates from cotton seeds. Resistance readings 
were highly correlated with germination tests. Helmer et al. 
(1962) working with crimson clover, reported that electrical 
resistance of leachates correlated with emergence in soil 
tests. This test was less sensitive than NH^Cl treatments in 
detecting vigor. 
Tatum (1954) measured the electrical resistance of corn 
seeds. He reported a highly significant correlation between 
electrical resistance and the cold test. Thomas (1960) also 
obtained similar results with castor bean. Ching and 
Schoolcraft (1968) found that conductivity of the seed leach-
ate from clover was a good index of seed deterioration. The 
increased electrolytes in leachate of weak, deteriorating, 
and dead seeds resulted from the degrading of cellular 
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membrane and subsequent loss of permeability. 
Metzer (1967) compared several indices of vigor of soy­
bean seed lots. He found that the conductivity test was a 
relatively sensitive method in detecting changes in seed 
quality. It provided a useful measure of the physical state 
of the seed. The test results were more closely associated 
with the cold test and field emergence than the standard 
germination test. He suggested that the poor cold test per­
formance in highly permeable seeds may be due to seed leach-
ates which provide a nutritive source for micro-organisms. 
Respiration 
In deteriorated seeds germination may not be greatly 
impaired, but the vigor may be greatly reduced (Ching et al., 
1959) . This decrease in vigor is usually accompanied by 
decreased respiration on an individual seedling basis (Ching, 
1958) . Abu-Shakra and Ching (1967), studied the mitochondrial 
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activity of new and old soybean seeds. The new and the old 
were 1964, and 1961 seeds, respectively. They found that the 
mitochondrial pellets isolated from seedlings of new seeds 
contained intact and swollen mitochondria as well as plastids 
and vescicles. In the old seeds, the mitochondria had dilated 
or inflated cristae and a conjugated matrix, and were devoid 
of an intact outer membrane. The number of mitochondria per 
seedling was lower in the old than in the new. The old seeds 
required 50 per cent more seedlings to produce a comparable 
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amount of mitochondria as the new. 
Germination is an energy-requiring process which depends 
upon the respiration of the seed. Therefore, respiration 
has been used as a measure of vigor. Woodstock (19 66) com­
pared the respiration rate of corn seed lots that were stored 
at a different moisture content and relative humidity for 
four years. He found that respiration measurements dis­
tinguished between high, medium, and low vigor seeds. 
Respiration measurements at 24 hours after imbibition highly 
correlated with vigor. However, respiration rates twelve 
hours after imbibition did not reflect vigor. 
Throneberry and Smith (1955) studied the respiratory 
activities of 31 seed lots of corn. Respiratory activity was 
evaluated using excised embryos from seeds soaked at 30°C for 
18 hours. Of the six respiratory activities measurements 
made, oxygen uptake showed the best correlation with germina­
tion. Woodstock and Grabe (1967) studied the relationship 
between seed respiration and seedling growth in Zea mays. 
They found that seed respiration rates during the first 30 
hours of germination were highly correlated with seedling 
length three to five days after planting. Storage conditions 
that caused a reduction in seedling vigor also reduced 
respiration. Woodstock and Feeley (1965) also reported a 
highly significant correlation between respiration and 
germination per cent and mean shoot length of four-day-old 
seedlings of corn. Kittock and Law (1968) found a high 
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correlation between respiration and total emergence, vigor, 
and the tetrazolium test. 
Glutamic acid decarboxylase activity (GADA) 
The GADA test has been used by the grain industry for 
measuring seed deterioration and for predicting the relative 
storability of seed lots. Linko (1961) found that GADA gave 
a good estimate of storage conditions of wheat. The correla­
tion coefficient between germination per cent and carbon 
dioxide evolution was 0.841. He concluded that the estimate 
of the storage condition of wheat was equal to or better 
than that by fat acidity determination. 
Bautista and Linko (1962) found GADA to be a good index 
of deterioration of artificially dried and stored corn. 
Bautista et al. (1964) also reported that GADA was more 
reliable as a measure of deterioration of stored rice than 
fat acidity. 
Grabe (1964) compared GADA with other vigor tests on corn 
seed lots. The seeds were stored at four moisture levels for 
four years in commercial warehouses. GADA was a more sensi­
tive index of potential storage life of corn seeds than either 
germination or the cold test. Both germination and the cold 
test were associated with field emergence. Grabe (1965a) com­
pared several indices of vigor in corn seed lots. He 
reported that GADA was the most sensitive index in detecting 
seed deterioration followed by root length, cold test, and 
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standard germination. 
Metzer (1967) evaluated the seedling vigor of soybeans 
that had been subjected to mechanical and physiological 
damage. GADA showed positive agreement with other tests when 
differences in seed quality were large. However, GADA was 
insensitive in detecting slight differences in vigor. 
James (1958) artificially aged five varieties of beans 
(Phaseolus vulgaris) by subjecting them to an atmosphere of 
32.2°C and 85 to 90 per cent relative hurhidity for 25 weeks. 
GADA was employed to determine the level of viability in the 
deteriorated beans. GADA was also determined for the embry­
onic axes and the cotyledons. Of the five varieties treated, 
only one, "Taylor," had a highly significant correlation 
between GADA and germination. The cotyledons contributed 87 
per cent of the activity in viable seeds and 91 per cent in 
deteriorated seeds. More than half of the original activity 
in the beans remained despite loss of viability. He found 
that there was considerable variation in enzymatic activity 
in dead seeds between varieties. For example "Tendergreen" 
and "Taylor" had 100 and 48 mm. of Brodie's solution, 
respectively, for dead seeds. He concluded that for GADA to 
be of any value, "enzymatic assays would have to be run on 
all varieties and, unless the correlation coefficients were 
high as those quoted for corn, wheat, oats, and rice, they 
would be grossly misleading." 
17 
Tetrazolium test (TZ) 
The tetrazolium test is a biochemical method of evaluat­
ing seed vigor. It was advocated by Lakon (1949), who 
referred to it as a topographical test, since loss in via­
bility begins at the extremity of the radicle, epicotyl, and 
cotyledons. Since the test distinguishes between living and 
dead tissues within a seed, it can indicate weakness in seeds 
before germination is impaired. 
Testing with tetrazolium solution is based on the princi­
ple that respiratory processes within the living tissue 
release hydrogen. This hydrogen combines with colorless 
tetrazolium solution and produces the red insoluble compound 
known as formazan. High vigor seeds develop a normal red 
stain. Aged or deteriorated tissues reveal a pale or mottled 
stain and dead tissues remain white (Delouche et , 1962) . 
Delouche et (1962) have presented a review on the use of 
tetrazolium on several crops. 
Porter et al. (1947) were among the first researchers to 
use TZ on soybean seeds. They reported a "close relationship" 
between per cent of stained embryos and germination test. 
They suggested that TZ was not a vigor test, since it was 
difficult to observe the plumules of abnormal seedlings. 
However, with refinement in technique, TZ is now being used as 
an index of vigor in soybeans (Delouche, 1964; Delouche et al., 
1962; and Moore, 1962). 
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Delouche et al. (19 62) described 15 criteria for 
interpreting TZ test results of soybeans. Seeds can be 
classified into vigor levels on those criteria. Delouche 
(1964) studied the pattern of death of soybean and crimson 
clover seeds. He found that the deteriorative changes in 
crimson clover seeds were first evident in the radicle tip 
and the edges of the cotyledons. Deterioration then pro­
gresses "up" the radicle and toward the base of the cotyledons. 
Metzer (1967) used the TZ test to evaluate the relative 
vigor among soybeans that had been subjected to physiological 
and mechanical damage. He reported a highly significant 
correlation of 0.9 8, 0.84, and 0.94 between TZ and germination, 
the cold test, and field emergence. He concluded that TZ 
was particularly useful as a rapid and reliable index of 
vigor. However, estimation of viability was higher than 
germination results. 
Moore and Goodsell (1965) obtained a correlation coef­
ficient of 0.96 between TZ and cold test results of corn. 
Kittock and Law (19 68) found a correlation coefficient of 
0.81 between TZ and respiration of wheat seeds of different 
vigor. However, Throneberry and Smith (19 55) reported poor 
correlation between TZ and respiration of corn. 
Biochemical changes during deterioration 
The loss of vigor in seeds has been thought by several 
investigators to result from depletion of food reserve. 
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However, experiments on non-viable seeds have shown that 
there is enough food reserve left in the seed for growth and 
development (Barton, 1961). There are, however, changes in 
chemical composition during deterioration (Bottomley et al., 
1952; Burris et al^., 1969; and Ching and Schoolcraft, 1968). 
Ramstad and Geddes (1942) studied the reducing and non-
reducing sugar content of soybean seeds. The seeds were 
stored at room temperature for one year at moisture contents 
varying from 9.0 to 12.3 per cent. They reported a decrease 
in both reducing and non-reducing sugars with a loss of vigor. 
More recently, Burris et (1969) evaluated seed and 
seedling vigor of naturally- and artificially-aged soybean 
seeds. They found a decrease of total and reducing sugars 
and per cent of glucose with increasing deterioration. They 
obtained a linear correlation of 0.808 between glucose con­
tent and eight days germination. The glucose content was 
more closely correlated with naturally- than artificially-
aged soybean seeds. 
Ching and Schoolcraft (1968) studied the physiological 
and chemical differences of aged seeds. Seeds of crimson 
clover and perennial ryegrass were conditioned at four 
moisture levels (6, 8, 16, and 20 per cent). The seeds were 
sealed in eight-ounce cans and stored for ten years at 3°, 
22®, and 38°C and in wooden warehouses. They reported that 
both the starch and sugar content of the seeds decreased with 
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loss of vigor. 
Houston et al. (1957) studied the chemical changes in 
rough rice stored at different moisture contents and tempera­
tures. They found a decrease in non-reducing sugar with loss 
of vigor. They concluded that the non-reducing sugar con­
tent of the seed was the best single index in determining 
the loss of vigor during storage. Bottomley et (1952) 
reported similar results with yellow corn stored at con­
ditions favorable for deterioration. 
Several investigators have reported on the effect of 
deterioration on amino acid content of seeds. However, the 
results have been conflicting. Ching and Schoolcraft (1968) 
studied the amino acid content of crimson clover and perennial 
ryegrass stored at different moisture contents and tempera­
tures for ten years. They obtained 513 and 467 microgram 
(yg.) amino acid per gram dry weight for new and ten-year-old 
crimson clover seeds, respectively. The latter seeds were 
stored at 16 per cent moisture at 3°C. However, they reported 
increased amounts of amino acids with increasing moisture and 
storage temperatures. 
Burris et (1969) studied the physiological and 
chemical changes of naturally- and artificially-aged soybean 
seeds. The naturally-aged seeds were stored for three years 
at room temperature. The artificially-aged seeds were con­
ditioned for four and six days at 95-100 per cent humidity 
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at 35*C. They obtained 0.55 and 0.35 per cent amino-N for 
new and three-year-old Corsoy seeds, respectively. Both the 
amino-N and the imino-N content of the artificially-aged 
seeds also decreased with loss of vigor. However, the effect 
of age on amino-N and imino-N content was not significant. 
Field emergence 
Laboratory seed germination provides information for 
establishing the planting rate to obtain a given stand of 
plants. However, laboratory germination is carried out under 
ideal conditions that do not reflect the unfavorable environ­
ment in the field. 
Comparisons have been made between standard germination 
and field emergence tests of soybeans. In general, standard 
germination tests have been found to be higher than field 
emergence. 
Erickson and Porter (1938) tested 95 samples of soybeans 
representing 12 varieties in the laboratory and in the field. 
They found that field emergence was lower than laboratory 
germination tests. Serf (1953) compared laboratory, green­
house, and field germination of treated and non-treated 
soybeans. He reported a high correlation between laboratory 
and field germination when seeds were planted under favorable 
field conditions. There was a highly significant difference 
between treated and non-treated seeds in the greenhouse. 
However, no significant difference was observed between 
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treated and non-treated samples in the laboratory and in the 
field. Munn (1926) compared laboratory and field germination 
of garden peas. He reported 79 and 45 per cent germination 
for laboratory and field, respectively. Cutler (1931) com­
pared 320 laboratory and 480 field tests for four years on 
soybeans. He reported a difference of 5.04 per cent in favor 
of laboratory tests. 
Metzer (1967) studied the effects of physiological and 
mechanical damage on soybeans. Several methods were employed 
for evaluating the vigor of the seeds. He found that field 
emergence results were lower than laboratory germination but 
higher than the cold test. He obtained a highly significant 
correlation coefficient of 0.93, 0.85 and 0.96 between field 
emergence and germination, cold test, and TZ, respectively. 
In evaluating the different indices of vigor, he concluded 
that the results were more closely associated with cold test 
and field emergence than the standard germination test. 
Several investigators have used "emergence ratio" to 
compare the ability of the viable seed of different lots to 
produce field stands. This ratio is the percentage of field 
emergence divided by its percentage of laboratory germination. 
Clark (1942), working with onion seeds, reported that 
emergence ratio of field to laboratory germination was con­
stant throughout the entire range of onion seeds tested. He 
concluded that this ratio was a more satisfactory index of 
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field value than the actual field germination test. Larsen 
(1961, 1964) also reported similar results with red clover, 
alfalfa, and brome. Stahl (1933) found that the ratio of 
germination speed to field emergence was also a good measure 
of field performance. 
Effects of seed vigor on yield 
Several investigators have reported on the effect of 
deterioration on the germination of soybeans. However, 
information is scarce on the yield of plants resulting from 
low vigor soybean seeds. The reports that are available on 
other agronomic crops are conflicting regarding the effect of 
deterioration on the performance of plants (Funk et al., 1962). 
Torrie (1958) compared the performance of successive 
generations of eleven unselected bulk soybean crosses for 
yield and other agronomic characters. The seeds were stored 
at room temperature (60-80°F) for three years. The seed 
rate was one bushel per acre. The plants were not thinned 
to an equal number of stands. He reported that yield 
average was significantly lower for two- and three-year-old 
than one-year-old seeds. The mean yield obtained from one-
two- and three-year-old seeds was 30.0, 26.8, and 27.3 
bushels per acre, respectively. The two- and three-year-old 
seeds required two to three days longer to emerge and pro­
duced plants that were less vigorous. Plant height, maturity 
date, and lodging index were not significantly different among 
24 
generations. 
Toole et al. (1957) studied the effects of low and high 
vigor seeds of three varieties of snap beans on growth and 
yield. The seeds were grown under controlled conditions of 
nutrition, temperature and light in glazed crocks. They 
obtained a greater yield of pods from high vigor than low 
vigor seeds. 
Rodrigo (1939), working with mung beans, compared the 
yield and other agronomic characters of one-month (new) and 
11- to 13-year-old (old) seeds. The seeds were grown both in 
garden plots and in pots. They were later thinned to an equal 
number of plants per stand per treatment. In the garden plots 
he obtained a seed yield of 3.23 and 6.83 gm. from new and 
old seeds, respectively. Old seeds also produced a greater 
total dry weight, number of pods, weight of pods per plant, 
and taller plants than the new seeds. He offered two possible 
explanations for these differences: a) the vigor of the seed 
expressed in yield is correlated with its inherent longevity, 
or b) the seed requires some "seasoning" or "curing" before 
it attains the peak of its vitality. Christidis (1954) 
studied the effect of seed age on cotton plant performance. 
He reported that the age of cotton seed stored from four to 
eleven years had no significant effect on yield, maturity 
date, or lint length. 
Dungan and Koehler (19 44) stored corn seeds for ten years 
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in the laboratory at room temperature. They reported a yield 
decrease in plants grown from old seeds. The decrease was 
caused by a reduction in field stand and to a lesser extent 
by a lowered yield per plant. With equal stands the yield 
from three-year-old seeds was 4.8 per cent lower than that 
from one-year-old seeds. Yield declined to 7.8 per cent when 
the reduced stand was allowed to influence the yield. 
Funk et ad. (1962) studied the effect of seed age on the 
yield of field corn. They reported a highly significant 
difference between one- and four-year-old seeds. This dif­
ference was attributed to vigor since stands were equal. 
Grabe (1966) observed a yield reduction of corn stored 
at three moisture contents in warehouses for four years. In 
the same experiment corn seed lots were artificially aged 
by maintaining them at 11, 14, and 17 per cent moisture at 
77®F. He reported that seeds stored at 17 per cent moisture 
content, which had the lowest vigor, yielded 7 per cent less 
than those stored at 11 per cent. Of special interest was 
his conclusion that the effect of natural and accelerated 
aging appeared to be similar. Grabe and Frey (1966) also 
reported a yield reduction due to loss of vigor of oat seeds. 
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MATERIALS AND METHODS 
Accelerated Aging Treatment 
The accelerated aging treatment of Amsoy and Hawkeye 
soybean seeds [Glycine max (L.) Merrill] was in two phases. 
The first phase involved increasing the moisture content of 
the seed to a desired level. This was accomplished by spread­
ing soybean seeds in a single layer on a wire screen tray 
lined with paper. The tray was placed in a chamber set at 
10®C and at a 99 ± 1 per cent relative humidity. 
The second phase was the accelerated aging treatment. 
Seeds were placed in gallon jars, sealed and placed in a 
chamber set at 40°C. The gallon jars were removed from the 
chamber at the end of 4, 8, 10, 12, 14, 16, 18, 20, and 22 
days to obtain seeds of different vigor. The moisture con­
tent of the seeds removed from the chamber was determined. 
The seeds were later spread to dry at room temperature to 10 
per cent moisture. The "dried" seeds were stored at 10°C. 
Laboratory Tests 
Germination and coefficient of velocity 
Seeds were planted in steam sterilized sand at 25 ± 1°C. 
in the light (25 foot-candles). Four replicates of 50 seeds 
from each deterioration level were planted at one and a half 
inches deep. Emergence counts were taken daily beginning 
three days after planting. A seedling was regarded as emerged 
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when one-half or more of the cotyledons was above the sand 
surface. Coefficient of velocity was calculated using 
Kotowski's equation: 
coefficient of velocity = Total number of seedlings 
+ ^2^2 • • • Vx 
where A is the number of seedlings emerging; and T represents 
number of days from planting. Germination counts were made 
at the end of four and nine days after planting. The Rules 
for Seed Testing (AOSA, 1965) was employed in seedling 
interpretation. 
Seedling measurement and dry matter determination 
Seedling measurement and dry matter determinations were 
made on seedlings obtained from germination test at the end of 
nine days and also from seedlings grown in the dark. Seeds 
grown in the dark were sterilized with one per cent sodium 
hypochlorite solution for 15 minutes. The seeds were rinsed, 
then planted on moistened paper towels (12" x 12") . Three 
replicates of 20 seeds each were used. The rolled paper 
towel was placed in a gallon jar containing 100 ml. of water. 
The jars were covered with plastic bags and placed in a 
chamber set at 25 ± 1°C. Seedling measurements were made nine 
days after planting. The root was the length between the root 
tip and the transition zone (represented by a constriction). 
The hypocotyl was the region between the transition zone and 
the point of cotyledon attachment. The epicotyl was the 
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length between the point of cotyledon attachment and the 
growing point. The length was expressed as millimeters per 
seedling. 
The dry matter determinations were made on seedlings 
obtained from the seedling length measurements. Dry matter 
was determined after drying seedlings at 85°C for 24 hours. 
The data were expressed as milligram dry matter per seedling. 
Cold test 
Three replicates of 50 seeds each were used. Both 
treated (Captan, 75 per cent wetable powder) and non-treated 
seeds were planted. 
The medium employed for the cold test was a mixture of a 
non-sterile sand-soil mixture consisting of two parts of sand 
and one part of field soil. One pint of the mixture was 
placed at the bottom of a plastic box (7-1/2 x 10 x 4 inches 
in size). Fifty seeds were distributed on the mixture. Two 
pints of the substrate were used to cover the seeds. One 
hundred and eighty milliliters of water was added to attain 
70 per cent field capacity (Metzer, 1967). The boxes were 
covered and placed in a chamber set at 10°C. After five days 
in the chamber, the boxes were transferred to growing racks 
with continuous light of 25 foot-candles and a temperature 
of 28 ± 1*C. Germination count was taken after five days in 
the light. Seedling interpretation was made according to the 
Rules for Seed Testing (AOSA, 1965) . 
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"Warm test" 
Four replicates of 50 seeds each were used. Both 
treated (Captan 75 per cent wettable powder) and non-treated 
seeds were planted. The substrate used and method of planting 
were as those described for cold test. However, the boxes 
were placed in germinating racks at 28 ± 1°C for nine days. 
The light intensity was 25 foot-candles. 
Tetrazolium test (TZ) 
Seeds for tetrazolium test were preconditioned by planting 
them in moist paper towels for 12 hours at 25°C. Precon­
ditioned seeds were placed in a one per cent 2, 3, 5 triphenyl 
tetrazolium chloride solution for four hours at 35®C. 
Enough solution was used to allow for absorption and swelling 
of seeds. At the end of the staining period, the solution 
was drained off and the seeds were washed three times with 
distilled water. The seeds were steeped in water until 
viability was determined. The seed coats were removed for 
examination of the staining pattern. The criteria described 
by Delouche et (1962) were used for evaluating viability. 
Non-germinable seeds included; (1) seeds with an unstained 
area at the juncture of the radicle-hypocotyl axis and the 
cotyledons, (2) seeds with more than the extreme tip of the 
radicle unstained, (3) seeds with more than one-half of the 
cotyledonary area unstained, (4) seeds stained abnormally 
dark or purplish red, (5) seed with cloudy or milky red 
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stain, and (6) badly broken. 
In the 1969 experiment, dehydrogenase activity was 
determined by the method of Linko (1960). Five milliliters 
of one per cent 2, 3, 5 - triphenyl tetrazolium chloride 
solution were added to a centrifuge tube containing one gram 
ground soybean seeds or cotyledons or 250 mg. of ground embryos. 
The tubes were incubated in a water bath at 40®C for one hour. 
The tubes were shaken occasionally during the incubation 
period. Formazan produced was extracted with ten milliliters 
of methyl cellosolve. The absorbance was read at 520 mvi with 
a Spectronic 20. Each treatment was in three replicates, 
excepting for the embryos which were in two replicates. 
Electrical resistance test 
Four replicates of 25 seeds each were used. The seeds 
were placed in a beaker containing 100 ml. of deionized dis­
tilled water. The seeds were steeped for four hours at 25°C. 
The electrical resistance of the decantate was measured with 
a conductivity bridge Model RC 16B2. The dip cell was rinsed 
in three beakers of water between replicates to prevent con­
tamination. The readings were recorded as electrical 
resistance in ohms. 
Glutamic acid decarboxylase activity (GADA) 
The equipment used was the same as described by Grabe 
(196 4) . Two replicates of 30 grams each were ground in a 
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Stein mill for two minutes. The ground sample was placed in 
a one-half pint mason jar. Fifteen milliliters of O.IM 
glutamic acid in 0.067M phosphate buffered at pH 5.8 were added 
to the ground material. The mixture was quickly stirred with 
a glass rod. The top of the manometer was placed on the jar. 
The respirometer was incubated in a 30°C water bath. After 
a 10-minute equilibration period, the air vent was closed. 
Carbon dioxide produced was measured in millimeters of Brodie's 
solution per 30 gm. per 30 minutes. An empty respirometer 
was placed in the water bath to serve as a thermobarometer 
to correct for changes in atmospheric pressure. 
In the 1968, and 1969 experiments GADA was determined by 
the method employed by Linko (1960). Five milliliters of 
O.IM glutamic acid in 0.05.M phosphate buffer (pH 5.8) were 
added to Gilson respirometer flasks containing one gram of 
ground air-dried seed or cotyledon or 150 mg. of ground 
embryos. After connecting the flasks to the appropriate 
micromiters, the flasks were incubated sidearm open for 15 
minutes in a water bath at 30 ± 1°C. The flasks were flushed 
with air for five minutes during the equilibration period. 
Readings were taken at 10-minute intervals for 30 minutes. 
Results were converted to standard conditions, and reported 
as microliters of oxygen per gram per minute. 
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Respiration 
Seeds sterilized in one per cent sodium hypochlorite 
solution for 15 minutes were preconditioned in wet paper 
towels for 12, 24, 36, 48, 60, and 72 hours. They were placed 
in a dark chamber set at 25 ± 1°C. Prior to analysis, seed­
lings were washed three times in deionized distilled water. 
The seed coats were removed and the cotyledons were cut into 
four sections. Five to ten seedlings were placed in 15 ml. 
Gilson respirometer flasks containing three milliliters of 
water. A 2.5 x 2 cm. filter paper and 0.2 ml. of 0.5N NaOH 
were placed in the central well. The flasks were connected 
to Gilson differential respirometer set at 28°C. The system 
was flushed with COg free air for five minutes, and allowed 
to equilibrate for another ten minutes. Readings were 
recorded at five minute intervals for 30 minutes. Results 
were converted to microliters oxygen per gram per minute under 
standard conditions. 
Determination of sugars and nitrogen fractions 
Preparation of hydrolysate Thirty milliliters of 
distilled water were added to a centrifuge tube containing 
300 mg. of ground soybean seeds. The covered tubes were 
placed in a boiling water bath for one hour. The contents 
of the tubes were filtered through Whatman No. 31 filter 
paper into 100 ml. volumetric flasks. The hydrolysate was 
made to volume with deionized distilled water. 
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Determination of sugars Glucose content was determined 
by using Glucostat from Worthington Biochemical Corporation. 
One milliliter of the hydrolysate was used. Absorbance was 
read at 400 my. 
Sucrose content was determined on ground soybean seed­
lings, grown in the dark at 25''C for 36 hours, by using 
invertase from Sigma Chemical Company. One ml. of the hydro­
lysate and one ml. of invertase solution, buffered at pH 4.5, 
were incubated in a water bath at 55®C for 30 minutes. After 
cooling, glucose content was determined by using Glucostat 
from Worthington Chemical Corporation. Glucose content was 
also determined on hydrolysate that was not incubated with 
invertase. The difference in glucose content between the 
hydrolysate treated directly with Glucostat and that treated 
with invertase was multiplied by two to give an approximate 
sucrose content. 
Reducing sugars were determined after the method of 
Nelson (1944) and Somogyi (1952) using one milliliter of the 
hydrolysate. Absorbance was read at 505 my. 
Total sugars were determined by the phenol-sulfuric acid 
method of Dubois et (1956) . Optical density was read 
at 490 mli. 
Non-reducing sugars were obtained by difference. All 
the methods were based on glucose standards. Results were 
expressed as micrograms per milligram dry weight. All 
determinations were in four replicates. 
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Nitrogen fractions Four replicates of one milli­
liter of the hydrolysate each was used for the determination 
of nitrogen fractions. The amino and proline fractions 
were determined after the method of Moore and Stein (1954) 
with amino acid and proline standards, respectively. Results 
were expressed as microgram per milligram dry weight. 
Growth Chamber Tests 
Soybean plants of Amsoy and Hawkeye varieties were grown 
in a sand-soil-peat mixture in 8-inch pots in a growth 
chamber. A 14-hour day was maintained at 28°C and a night 
temperature of 21"C. Light intensity at plant height was 
2000 foot candles of mixed cool white fluorescent and incan­
descent light. 
Plants were thinned to four per pot ten days after plant­
ing. Plants were supplied with complete Hoagland solution, 
pH 6.3, regularly. Shoot measurements and dry matter 
determinations were made on the plants 25, 30, 40, and 60 
days after planting. Photosynthesis, respiration rate, leaf 
area, specific leaf weight (SLW) were determined on the middle 
leaflet of third (from bottom) triofoliate leaf 5, 10, 20, 
and 40 days after unrolling. The leaflet was placed in a 
25 ml. Gilson respirometer flask containing 3 ml. of O.IM 
bicarbonate buffer (Pratt, 1943). The flask was flushed with 
air for five minutes and allowed to equilibrate for another 
ten minutes with light, 2400 foot-candles. Readings were 
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taken every five minutes for 30 minutes. The lights were 
turned off and respiratory rates were recorded at five minute 
intervals for another 30 minutes. The results were converted 
to microliters oxygen per gram dry weight per minute under 
standard conditions. Leaf area was measured with a compensat­
ing polar planimeter. 
Field Emergence Tests 
In 1967, three replicates of 100 seeds each were planted 
in ten-foot rows at Ames on the Botany farm on May 18. Both 
treated (Captan 75 per cent wettable powder) and non-treated 
seeds were planted. Emergence counts were made four weeks 
from planting. 
In 1968, five replicates of three rows each were planted 
at the Agronomy farm near Ames on May 28. Both treated and 
non-treated seeds of 240 per row were planted in a split plot 
design. Each row was 20 feet long and 40 inches between 
rows. Emergence count was taken on the middle row four weeks 
from planting. The middle row was also harvested for yield. 
Yield and other Agronomic Tests 
Yield and other agronomic tests were conducted at the 
Agronomy farm near Ames in 1967. A heavy seeding to give a 
field stand of about 25 per cent greater than desired was 
made on May 15. Seeds treated with Captan (75 per cent 
wettable powder) were planted in 20-inch rows. The seedlings 
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were later thinned to equal stands without regard to the 
vigor or the appearance of the remaining plants. Three 
plant populations were established: 156,816, 31,636, and 
15,862 plants per acre. Each treatment was replicated three 
times. Three rows of each treatment was planted. Determina­
tions were made from the middle row. Dry weight was determined 
91 days from planting. Yield was obtained from 13.3 sq. ft. 
In 1968, yield and agronomic tests were also conducted 
at the Agronomy farm on May 15. Seeds were planted as de­
scribed for 1967 planting. Three plant populations were 
established: 156,816 (P^), 31, 636 (Pg) and 15,862 (P^) 
plants per acre. Each treatment was replicated five times. 
Four rows of each treatment was planted. Determinations were 
made from the two middle rows. Plant height, number of 
branches, dry weight of leaves and stems, leaf area index 
(LAI) were determined from an area 8.3 sq. ft. at 44, 51, 
58, 65, 79, and 113 days after planting from P^ and P^. These 
sampling periods correspond closely to stages 2, 3, 4, 5, 6, 
and 9, respectively as described by Kalton ek (19 49) . 
The petioles were included with the stems for dry weight 
determination. Yield was determined from an area 33.2 sq. ft. 
The 1969 yield test was planted at McKinney farm near 
Ames on May 15. Seeds were planted as described for 1967. 
However, only one population, 52,272 plants per acre, was 
established. Five replicates of each treatment were planted 
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in 30-inch rows. Three rows of each treatment were planted. 
Determinations were made from the middle row. Plant height 
number of branches, dry weight of leaves and stems, and LAI 
were determined on an area 10 sq. ft. at 40, 60, 70, 80 and 
116 days from planting. These sampling periods correspond 
closely to stages 2, 4, 5, 6, and 9 as described by Kalton 
et al. (1949). The petioles were included with the stems 
for dry weight determination. Yield was determined from an 
area 40 sq. ft. 
In the 1968 and 1969 experiments, LAI was determined by 
a dry-weight disc method described by Rhoads and Bloodworth 
(1964) . 
In the three yield experiments, plant height was measured 
from the ground level to the tip of the plant. Number of pods 
per plant and number of seeds per pod was determined at 
physiological maturity. Lodging score was taken at harvest 
maturity; one (nearly all plants erect) and five (almost all 
plants prostrate). Seed size, grams per 100 seeds, was from 
a random sample of clean whole seeds. 
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results 
The results have been divided into three sections for 
the purpose of simplicity, clarity and unity. These sections 
are: the 1967, 1968, and 1969 experiments. Throughout this 
paper, the soybean seeds that were not aged will be referred 
to as either control, unaged or undeteriorated seeds. 
1967 Experiments 
The original moisture content of Aitisoy and Hawkeye seeds 
was 5.9 and 6.1 per cent, respectively. The moisture con­
tent was increased to 12.9 and 13.0 per cent, respectively, 
before the accelerated aging treatment. The moisture content 
of each variety after aging was 12.7 per cent (Table 1). 
Table 1. Percentage moisture content of Amsoy and Hawkeye 
seeds aged for 22 days in 1967 
Varieties 
Days aged Amsoy Hawkeye 
4 12.4 12.5 
8 12.8 12.7 
10 12.5 12.7 
12 12.6 12.7 
14 12.8 12.7 
16 12.7 12.7 
18 12.7 12.9 
20 12.7 12.6 
22 12.8 12.7 
Mean 12.7 12.7 
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Germination 
The germination results of Amsoy and Hawkeye seeds after 
four and nine days from planting are presented in Figures 1 
and 2, respectively. The germination of Amsoy seeds did not 
decline until after eight days of aging (Figure 1). The nine-
day germination percentage of unaged Amsoy seeds was 90.0. 
Amsoy seeds aged 12 and 22 days had a germination of 56.5 
and zero per cent, respectively. There was a gradual decline 
in the germination of Hawkeye seeds (Figure 2) until after 
the 14th day of aging. Thereafter, the decline was rapid. 
The nine-day germination of control 12- and 22-day aged seeds 
of Hawkeye was 95.5, 76.0, and 0.5 per cent, respectively. 
The age and age X variety means were highly significant. 
Hawkeye germinated significantly higher than Amsoy. 
The ratio of the four to nine days germination for Amsoy 
and Hawkeye are presented in Table 2. Generally, the ratio 
decreased with loss of viability. However, Amsoy seeds aged 
four, eight, and ten days had a higher ratio than control 
seeds. 
Figure 1. Four and nine days germination percentage of Amsoy 
seeds planted in sterilized sand in light at 25°C 
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Figure 2. Four and nine days germination percentage of 
Hawkeye seeds planted in sterilized sand in 
light at 25*C 
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Table 2. Ratio of four to nine days germination of Amsoy 
and Hawkeye seeds planted in light at 25®C 
Varieties 
Days aged Amsoy Hawkeye 
0 0.77 0.88 
4 0.86 0.91 
8 0.83 0.88 
10 0.80 0.84 
12 0.65 0.82 
14 0.59 0.80 
16 0.28 0.57 
18 0.00 0.19 
20 0.00 0.25 
22 0.00 0.00 
Coefficient of velocity 
The aging treatment slightly increased the emergence rate 
of Amsoy (Figure 3). The coefficient of velocity of control, 
four, eight, and ten days aged seeds were 22.2, 23.7, 23.2, 
and 22.7, respectively. However, after ten days of aging, 
there was a decline with deterioration. Generally, there was 
a decline with deterioration of Hawkeye seed. But the coef­
ficient of velocity of seeds aged four days was 4.2 per cent 
greater than control seeds. The effect of aging on emergence 
was highly significant. Hawkeye emerged faster than Amsoy 
but the mean difference was not significant. 
Figure 3. Coefficient of velocity of Aitisoy and Hawkeye 


































The results of the shoot, epicotyl and hypocotyl 
lengths are presented in Figures 4 and 5 for Amsoy and 
Hawkeye, respectively. The aging treatment increased the 
hypocotyl and the epicotyl length, and hence the total shoot 
length, of Amsoy seeds aged four and eight days (Figure 4). 
The hypocotyl length at eight days of aging was 81,3 mm. 
compared to 54.0 mm. for control seeds. The difference 
between both deterioration levels was highly significant. 
The effects of aging on hypocotyl length of Amsoy was similar 
to that of coefficient of velocity (Figure 3). The epicotyl 
length of Amsoy seeds aged four and eight days increased by 
8.5 and 10.7 per cent, respectively, over the control. How­
ever, after eight days of aging, epicotyl length decreased 
with age. 
Generally, there was a gradual decline in hypocotyl 
length of Hawkeye seedlings with age (Figure 5). However, 
seeds aged 10 days had 96.0 mm. per seedling compared to 
88.0 mm. for eight days aged seeds. The epicotyl length 
of Hawkeye declined from 119.3 mm. per seedling for control 
seeds to 54.3 mm. per seedling for 14 days aged seeds. 
Although the aging increased the hypocotyl length of 
Amsoy seedling, the mean difference between both varieties 
was highly significant in favor of Hawkeye. The variety 
Figure 4. Growth rate (im./seedling) of: shoot (S) , 
epicotyl (E), hypocotyl (H), of Amsoy seedlings 
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Figure 5. Growth rate (mm./seedling) of: shoot (S), 
epicotyl (E), hypocotyl (H) of Hawkeye seedlings 
planted in sterilized sand for nine days at 25®C 
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means for shoot length of Amsoy and Hawkeye were 179.7 and 
168.4 mm. per seedling, respectively. However, control 
seeds of Hawkeye produced seedlings 22.3 per cent taller 
than control seeds of Amsoy. 
Cold test 
Cold test results for Amsoy and Hawkeye are presented 
in Figures 6 and 7, respectively. Aging increased the 
susceptibility of seed to decaying organisms presumably 
Pythium. This was evident from the low germination result­
ing from increase in deterioration of both varieties. The 
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number of baldheaded seedlings also increased with age. 
Treating seeds with Captan significantly increased the 
germination per cent of only seeds aged after four days. 
Amsoy was more susceptible to seed decaying organisms than 
Hawkeye. 
Seedlings devoid of primary leaves. 
Figure 6. Cold test germination percentage of Amsoy treated 
(T), and non-treated (NT) seeds 
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Figure 7. Cold test germination percentage of Hawkeye 
treated (T) and non-treated (NT) seeds 
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Table 3. Analyses of variance of Figures 1, 2 ,  3, 4, 5 ,  6 ,  
and 7 
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** 
F value significant at P = 0.05, 
** 
F value significant at P = 0.01, 
58 
Electrical resistance test 
The results of electrical resistance tests are recorded 
in Figure 8. The resistance values decreased with the age of 
the seed. The highest resistance values occurred with control 
seeds in both varieties. Low quality seeds with high permea­
bility produced high concentrations of electrolytes in the 
leachates resulting in low electrical resistance. Hawkeye 
had higher electrical resistcince values than Amsoy seeds of 
corresponding age. Hawkeye seeds aged 22 days and Amsoy 
seeds aged 10 days had electrical resistance values of 4500 
and 4300 ohms, respectively. 
Tetrazolium test 
The results of tetrazolium evaluations are presented in 
Figure 9. Both varieties decreased in viability with aging. 
Hawkeye had higher viability than Amsoy. The mean difference 
between deterioration levels and varieties were highly signifi­
cant. The tetrazolium test results were similar to those of 
standard germination but the former were generally higher. 
Glutamic acid decarboxylase activity (GADA) 
In general, the glutamic acid decarboxylase activity of 
both varieties decreased with loss of viability (Figure 8) . 
However, there was considerable fluctuations between the 
deterioration levels within the varieties. Hawkeye seeds aged 
22 days with zero per cent germination (Figure 2) had 57.5 
per cent activity of control seeds. The GADA of Hawkeye seeds 
3 Figure 8. Electrical resistance (ohms x 10 ) of Hawkeye 






























Figure 9. Percentage viability (tetrazolium test) of Hawkeye 
and Misoy seeds 
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Figure 10. Glutamic acid decarboxylase activity (GADA) 
mm. Brodie's solution |30 gm.| 30 min. of 


















aged 22 days was higher than those of seeds aged eight days. 
Amsoy seeds aged 20 days with zero per cent germination 
(Figure 1) had GADA 68.B per cent of control seeds. The 
GADA of Hawkeye was significantly higher than that of Amsoy 
at all deterioration levels. 
Table 4. Analyses of varience for Figures 8, 9, and 10 





























F value significant at P = 0.01, 
Field emergence 
The monthly precipitation and average temperature for the 
1967 growing season are presented in Table 5. Excepting June 
and October, the rainfall was below normal as was the mean 
temperature. 
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Table 5. Total monthly precipitation and average tempera­
ture with departures from means for 1967 growing 





May 2.48 -1.80 57.4 -3.1 
June 10.21 +5.0 68.8 -1.4 
July 1.93 -1.38 70.5 -4.3 
August 1.45 -2.40 68.6 -4.1 
September 1.53 -1.77 61.0 3.3 
October 2.52 +0.52 51.1 -2.2 
Total 20.12 -2.03 377.4 -18.4 
Mean 3.35 +0.34 62.9 -3.07 
Information obtained from United States Department of 
Commerce, Weather Bureau, Climatological Data, Iowa. 
Departures are compiled from 1931-60 normals. 
Field emergence results are presented in Figures 11 and 
12 for Amsoy and Hawkeye, respectively. Emergence per cent 
decreased with deterioration in both varieties. However, the 
decline was gradual until after eight days of aging. Treating 
seeds with Captan (75 per cent wettable powder) did not 
increase the emergence per cent of control seeds of both 
varieties. However, the effects of seed treatment on medium 
and low quality seeds were highly significant. Control seeds 
of Amsoy had 94.0 per cent emergence for both treated and 
non-treated seeds. However, Amsoy aged 12 days had 76.0 and 
17.3 per cent for treated and non-treated seeds, respectively. 
Figure 11. Field emergence percentage of Amsoy treated (T) 
and non-treated (NT) seeds 
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Figure 12. Field emergence percentage of Hawkeye treated 
(T) and non-treated (NT) seeds 
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Unaged seeds of Hawkeye had 93.0 and 92.0 per cent for treated 
and non-treated seeds, respectively. Hawkeye seeds aged 12 
days had 65.0 per cent germination for treated seeds compared 
to 37.3 for non-treated seeds. 
Table 6. Plant populations and code of Amsoy and Hawkeye 






The results of dry matter production of plants harvested 
from 6.7 sq. ft., 91 days after planting, are presented in 
Table 7. In general, there was no decrease in dry matter 
production of Amsoy planted at 156,816 (P^) and 31,636 (Pg) 
plants per acre until 14 days of aging. There was no signifi­
cant difference between the deterioration levels at population 
of 15,862 (Pg) plants per acre. The population means between 
P^ and ^2 were not different. However, the dry matter of P^ 
was significantly lower than P^ and Pg. The dry matter of 
Hawkeye was not significantly different between deterioration 
levels within plant populations. But the population means 
were 382.2, 272.5, and 193.8 grams for P^, P^, and Pg, 
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Table 7. Dry matter (grains) of Amsoy and Hawkeye planted 
at three populations at Agronomy Farm, Ames, 
Iowa, 1967 
Days Population code 
Variety aged P^ P^ P^ Mean 
Amsoy 
Hawkeye 
0 350.7 280.3 186.0 272.3 
4 352.0 276.3 166.0 264.8 
8 397.0 259.7 215.0 290.7 
10 391.0 275.3 197.7 288.0 
12 340.0 285.3 192.3 272.6 
14 302.7 176.3 169.7 216.2 
Mean 355.6 258.9 187.7 
0 371.7 250.0 193.3 271.7 
4 396.0 285.0 206.0 295.7 
8 372.7 298.4 208.7 293.3 
10 370.0 260.0 183.7 271.2 
12 392.0 270.0 203.3 288.4 
14 391.0 271.7 168.0 276.9 
Mean 382.2 272.5 193.8 
respectively. The population means of Hawkeye were higher 
than those of Amsoy in all three plant populations. 
Yield and other agronomic characteristics 
The yield results (grams/13.3 sq. ft.) for Amsoy and 
Hawkeye at the three plant populations are presented in 
Table 8. There was considerable fluctuation between the 
deterioration levels within plant populations of Amsoy. The 
yield of control and 14-days aged seeds at Pj^ was 406.7 and 
427.7 grams, respectively. The population means for Amsoy 
at P^, Pg, and P^ were 415.6, 400.0, and 353.9 grams, 
respectively. There was no significant difference between 
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Table 8. Yield (grams/13.3 sq. ft.) of Amsoy and Hawkeye 
planted at three populations at Agronomy Farm, 
Ames, Iowa, 1967 
Population code 
Variety aged P^ P^ P^ Mean 














420 .7 393.3 406.9 
345.0 357.0 370.9 
380 .3 363.7 383.2 
398.3 320.0 384.0 
433.3 319.0 387.2 
422.3 370.7 406.9 
400 .0 353.9 
341.0 310.7 340.6 
394.0 305.7 354.6 
369 .7 292.0 345.6 
365.0 259.0 333.7 
316.3 314.7 335.6 
388.7 309.3 351.3 
362.4 298.6 
the levels of deterioration within population of Hawkeye 
seeds. As in Amsoy, there was no significant difference 
between means of P^ and Hawkeye. However, the mean 
of Pg was significantly lower than that of either P^ or Pg. 
Amsoy yielded more than Hawkeye at all populations (Figure 13). 
The results of plant height determinations for Amsoy and 
Hawkeye are presented in Table 9. 
Plant height was relatively unaffected by loss of via­
bility in both varieties within each population level. However, 
plant height increased with increase in density. There was 
no significant difference between Amsoy and Hawkeye. 
Figure 13. Combined yield (grams) of three populations 
(P^, Pg, P^) of Hawkeye and Amsoy 
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Table 9. Plant height (inches) of Amsoy and Hawkeye planted 
at three populations at Agronomy Farm, Ames, Iowa, 
1967 
Days Population code 
Variety aged P, P« P, Mean 














35.4 32.1 35.0 
32.0 34.0 34.4 
33.8 30.4 33.7 
33.0 31.2 34.2 
32.8 29.3 32.9 
33.2 33.3 34.1 
33.4 31.7 
30.8 27.6 32.1 
32.0 29.3 32.8 
30.4 32.3 33.4 
30.3 29.8 32.5 
30.4 28.0 31.8 
29.6 26.8 31.2 
30.6 29 .0 
In general, pods per plant (Table 10) increased with 
deterioration in both varieties. The number of pods per 
plant was maximum at the lowest density. There was no 
significant difference between both varieties. 
There were fluctuations in seed size between deteriora­
tion levels within populations (Table 11). In general, seed 
size increased with increase in density. 
Lodging (Table 12) was relatively unaffected by age. 
However, it increased with population. 
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Table 10. Pods per plant of Amsoy and Hawkeye planted at 
three populations at Agronomy Farm, Ames, Iowa, 
1967 
Variety 
Days Population code 
aged pi 
^2 p3 Mean 
0 20.3 135.7 196.0 117.3 
4 24.7 125.7 235.3 128.6 
8 23.0 122.7 178.0 107.9 
10 24.3 139.3 192.3 118.7 
12 26.7 147.3 254.3 142.8 
14 30.7 174.0 250.3 151.7 
Mean 24.9 140.8 217.7 
0 22.0 115.0 189.7 108.9 
4 25.7 132.0 211.3 123.0 
8 20.0 141.0 196.7 119.2 
10 24.7 148.0 244.0 138.9 
12 23.7 159.7 221.0 134.8 
14 18.0 147.7 169.0 111.6 
Mean 22.3 140.6 205.3 
Amsoy 
Hawkeye 
Table 11. Seed size (gm./lOO seeds) of Amsoy and Hawkeye 
planted at three populations at Agronomy Farm, 
Ames, Iowa, 1967 
Variety 
Days Population code 
aged pi p2 p3 Mean 
0 17.2 15.3 15.0 15.8 
4 16.9 15.0 14.4 15.5 
8 17.8 15.4 15.1 16.1 
10 16.5 15.0 14.9 15.5 
12 17.1 15.0 14.6 15.6 
14 17.6 15.3 14.6 15.8 
Mean 17.2 15.2 14.8 
0 17.8 16.4 16.0 16.7 
4 17.6 16.3 15.8 16.6 
8 17.8 16.1 15.8 16.6 
10 16.8 16.5 15.9 16.4 
12 17.1 15.2 15.7 16.0 
14 17.4 16.3 15.5 16.4 




Table 12. Lodging score (1-5) of Amsoy and Hawkeye planted 
at three populations at Agronomy Farm, Ames, 
Iowa, 1967 
Populations 
Variety aged pi 
^2 >3 
Amsoy 0 1.47 1.20 1.13 
4 1.43 1.13 1.17 
8 1.37 1.17 1.13 
10 1.70 2.20 1.13 
12 1.47 1.20 1.20 
14 1.33 1.20 1.17 
Hawkeye 0 1.60 1.20 1.17 
4 1.60 1.23 1.20 
8 1.60 1.40 1.33 
10 1.50 1.43 1.13 
12 1.73 1.40 1.17 
14 1.47 1.43 1.17 
Table 13. Analyses of variance for Figures 11, 1 2 ,  and 
Tables 7, 8, 9 
Source of variation D.F. Mean squares 
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F value significant at P = 0.05 
k 
F value significant at P = 0.01, 
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Table 13 (Continued) 





Age X variety 





















Relationship of evaluation methods 
The correlation coefficients among indices of vigor are 
presented in Tables 14 and 15. Figure 14 showed that 
deteriorated seeds were most susceptible to seed rotting 
organisms in cold test and field emergence. Seed permeability 
increased then germination declined before glutamic acid 
decarboxylase activity was affected. Yield was not affected 
by aging when equal plant population was maintained between 
deterioration levels. 










































































0. 32 0. 
* * 
63^ 
Treated 0 0 0 . 0 . 0 . 23 0. 47 
1.00 
0.85" 
* *  
*  *  
1.00 
* *  
* *  
F value significant at P = 0.05. 
c 
F value significant at P = 0.01. 
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Plant height 0.32 
* 
1.00 







Seed size -0.18 -0.29 -0.39 -0.16 1.00 
* 
F value significant at P = 0.05. 
** 
F value significant at P = 0.01. 
Figure 14. Percentage relative performance of Amsoy and 
Hawkeye combined: nine days germination (A), 
GADA (B), non-treated cold test (C), electrical 
resistance (D), non-treated percentage emergence 
(E) , and combined yield of and Pg (F) 
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1968 Experiments 
The moisture content of Amsoy and Hawkeye was increased 
from 6.7 to 12.9 and 7.5 and 13.1 per cent, respectively, 
before aging. The moisture content after aging was 12.6 and 
12.7 per cent for Amsoy and Hawkeye, respectively (Table 16). 
Table 16. Moisture content per cent of Amsoy and Hawkeye 
seeds aged for 22 days in 196 8 
Variety 
Days aged Amsoy Hawkeye 
4 12.8 13.1 
8 12.8 12.7 
10 12.5 12.6 
12 12.5 12.8 
14 12.6 12.7 
16 12.7 12.8 
18 12.3 12.5 
20 12.7 12.6 
22 12.8 12.8 
Mean 12.6 12.7 
Germination 
The germination results of Amsoy and Hawkeye after four 
and nine days from planting are presented in Figures 15 and 
16, respectively. The germination of Amsoy (Figure 15) 
declined gradually until ten days of aging. Thereafter, the 
decline was rapid. The germination of unaged, 10, and 22, 
days aged seeds at the end of nine days was 95.0, 83.5, and 
zero per cent, respectively. The mean germination at the end 
of four days was 30.9 per cent compared to 42.5 per cent for 
Figure 15. Four and nine days germination percentage of 
Amsoy seeds planted in sterilized sand in light 
at 25°C 
A  A  9 DAYS 














the nine day germination. 
The germination of Hawkeye (Figure 16) also declined 
with aging. However, Hawkeye was less affected by the rapid 
aging process than Amsoy. The germination of Hawkeye at the 
end of nine days for undeteriorated, 10, and 22, days aged 
seeds were 95.0, 96.5, and 0.0 per cent, respectively. As 
in 1967, the mean difference in germination between Amsoy and 
Hawkeye was significant in favor of Hawkeye. The 1968 seeds 
were more affected by the accelerating aging treatment than 
the 1967 seeds (Figures 15 and 16). The ratio of four and 
nine day germinations for Amsoy and Hawkeye are presented in 
Table 17. 
Table 17. Ratio of four to nine days germination of Amsoy 
and Hawkeye planted in sterilized sand in light 
at 25°C 
Variety 
Days aged Amsoy Hawkeye 
0 0.85 0.96 
4 0.89 0.96 
8 0.79 0.86 
10 0.69 0.92 
12 0.40 0.81 
14 0.00 0 .00 
16 0.00 0 .00 
18 0.00 0 .00 
20 0.00 0 .00 
22 0.00 0 .00 
Figure 16. Pour and nine 
Hawkeye seeds 
light at 25°C 
days germination percentage of 
planted in sterilized sand in 
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The number of cotyledons with lesions (Table 18) and the 
area of each lesion increased with deterioration. The greater 
the degree of deterioration the more convex were the seedling 
cotyledons. The retention of seed coats on the cotyledons 
also increased with aging. 
Table 18. Percentage of germinating Amsoy and Hawkeye seed­
lings with lesions 
Variety Days aged % 
Amsoy 0 8. 40 
4 23. 22 
8 45. 37 
10 58. 15 
12 92. 12 
Mean 45. 45 
Hawkeye 0 1. 50 
4 8. 70 
8 23. 22 
10 27. 37 
12 83. 72 
Mean 28. 90 
Coefficient of velocity 
The rate of emergence decreased with deterioration 
{Figure 17). The highest coefficient of velocity was 21.0 
after four days of aging. However, at the end of 18 days of 
aging, the coefficient of velocity had dropped to 3.8. 
Hawkeye seeds aged four days also emerged fastest with a 
coefficient of velocity of 22.8 compared to 22.2 for unaged 
seeds. Generally, Hawkeye seedlings emerged more uniformly 
and faster than Amsoy. 
Figure 17. Coefficient of velocity of Hawk eye and Aitisoy 



















Shoot length and dry matter 
The results of the hypocotyl, epicotyl and shoot 
measurements are presented in Figures 18 and 19 for Amsoy 
and Hawkeye, respectively. Aging Amsoy increased the hypo­
cotyl length until the 10th day of aging. Thereafter, there 
was a decline with loss of viability and vigor (Figure 18). 
The increases in hypocotyl length of four, eight, and ten . 
days aged over control seeds were 16.7, 12.2, and 4.7 per 
cent, respectively. The increase between control and four 
days aged seeds was highly significant. Generally the epi­
cotyl length decreased with aging. However, the epicotyl 
length of the control seeds was 144.6 compared to 147.0 
mm./seedling for four days aged seeds. The increase in 
hypocotyl length was reflected in the shoot length. Shoot 
length for control, four, eight and twelve days aged seeds 
was 215.1, 229.3, 215.0 and 193.6 mm./seedling, respectively. 
Unlike Amsoy, aging did not increase the hypocotyl 
length of Hawkeye. Generally, there was a gradual decline 
in hypocotyl, epicotyl and shoot length with aging. The 
shoot length of control, four, eight and twelve days aged 
seeds were 244.3, 235.8, 228.4 and 193.6 mm./seedling, 
respectively. The mean shoot length for Amsoy and Hawkeye 
was 203.7 and 226.8 mm./seedling, respectively. The hypo­
cotyl was 64.1 per cent of the mean shoot length of Amsoy 
while the epicotyl was 35.9 per cent. The hypocotyl of 
Hawkeye was 59.1 per cent of the mean shoot length compared 
Figure 18. Growth rate (mm./seedling of: Shoot (S), 
epicotyl (E), and Hypocotyl (H) of Amsoy seed­
lings planted in sterilized sand in light at 
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Figure 19. Growth rate (mm./seedling) of: shoot (S) 
epicotyl (E), hypocotyl (H) of Hawkeye seedlings 






to 40.9 per cent for the epicotyl. 
The dry matter of Amsoy seedlings (Figure 20) was 
increased by aging until 10 days. This effect was similar to 
that of aging on the hypocotyl length (Figure 18) . The dry 
matter for control seeds was 124.0 mg./seedling compared to 
129.0 and 119.5 mg./seedling for four and twelve days aged 
seeds, respectively. The dry matter of Hawkeye seedlings 
increased steadily until eight days of aging. Thereafter, 
there was a decline and another increase at the end of 12 
days. The effect of accelerated deterioration on dry matter 
production of seedlings was not significant. Amsoy had a 
higher mean dry matter than Hawkeye, although the latter was 
taller. 
Cold test 
The cold test results are presented in Figures 21 and 
22. Aging decreased the viability of both varieties. The 
number of baldheaded seedlings increased with the aging 
treatment. Treatment of seeds with Captan increased the 
germination highly significantly. However, the germination 
of high quality seeds was not significantly increased by 
treating seeds with Captan. Amsoy was more susceptible than 
Hawkeye to seed rotting organisms such as Pythium. 
"Warm test" 
The "warm test" results are presented in Figures 23 and 
24 for Amsoy and Hawkeye, respectively. As in the regular 
Figure 20. Seedling dry weight (mg./seedling) of Amsoy and 
Hawkeye seeds planted in sterilized sand in 
light at 25°C for nine days 
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Figure 21. Cold test germination percentage of Amsoy 
















Figure 22. Cold test germination percentage of Hawkeye 
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Figure 23. "Warm test" germination percentage of Amsoy 















Figure 24, "Warm test" germination percentage of Hawkeye 
treated (T) and non-treated (NT) seeds 
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germination and cold test results, viability decreased with 
aging. The results of the warm test were comparable to those 
of standard germination test. However, the latter was higher 
than "warm test" of non-treated seeds. "Warm test" results 
were higher than cold test. Variety, age, and treatment 
effects were highly significant. 
Table 19. Analyses of variance for Figures 15, 16, 17, 18, 
19, 20, 21, 22, 23, and 24 
Source of variation D.F. Mean squares 
Germination % 
4 days : Ages 
Varieties 










Total shoot; Ages 
Varieties 
Dry weight of seedlings 
Ages 
Varieties 

































































F value significant at P = 0.05. 
F value significant at P = 0.01. 
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Electrical resistance 
The permeability of the seed of both varieties increased 
with aging (Figure 25). This resulted in an increased amount 
of electrolytes in the leachate with corresponding decreasing 
electrical resistance. The low resistance of the seeds showed 
similar trend as the number of seedlings with lesions (Table 
18); and the loss of viability especially in cold test 
(Figures 21 and 22). Amsoy released more electrolytes in the 
leachates than Hawkeye. 
Tetrazolium test 
Tetrazolium results are presented in Figure 26. Loss of 
viability increased with aging as was shown by standard 
germination and cold test results. The loss of viability of 
both varieties was gradual until after 10 days of aging. 
Thereafter, the decline in viability was rapid. Hawkeye was 
less affected by the aging treatment than Amsoy as observed 
by the staining patterns. 
Glutamic acid decarboxylase activity (GADA) 
Generally, the glutamic acid decarboxylase activity of 
both varieties decreased with aging (Figure 27). However, 
there were fluctuations between the deterioration levels 
within the varieties. The GADA values of Amsoy seeds aged 
eight and twenty days were 89.7 and 66.1 per cent of control. 
The nine-day germinations for the same sample were 87.5 and 
1.5 per cent, respectively. Hawkeye seeds aged eight and 
3 
Figure 25. Electrical resistance (ohms x 10 ) of Hawkeye 
and Amsoy seed leachates 
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Figure 26. Percentage viability (tetrazolium test) of 
Hawkeye and Amsoy seeds 
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Figure 27. Glutamic acid decarboxylase activity (GADA) 
of Amsoy and Hawkeye seeds 
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twenty days with a nine-day germination of 97.0 and 0.5 per 
cent, respectively, had GADA values of 80.3 and 75.0 per cent 
of control seeds, respectively. The GADA of Hawkeye was 
higher than that of Aitisoy. 
Respiration 
Respiration rates decreased with loss of viability 
(Figures 28 and 29). However, the respiration rate of Hawkeye 
aged four days was higher than that of control seeds until 
after 48 hours of germination. The respiration rate increased 
with time after planting. Amsoy had higher mean respiration 
rate for the first 24 hours after planting. Thereafter, 
Hawkeye had higher mean respiration rate. 
Table 20. Analyses of variance for Figures 25, 26, 27, 28, 
and 29 
Source of variation D. F. Mean square 
Electrical resistance ** 
Ages 9 18852912.0** 
Varieties 1 54130816.0 
Tetrazolium test ** 
Ages 9 8923.3** 
Varieties 1 3699.2 
GADA Ages 5 0.78** 
Varieties 1 14.5** 
Respiration (12, 24, 48, 
72 hours) ** 
Ages 4 135.1 
Varieties 1 24.9** 
Time 3 1065.1** 
Age X time 12 42.0 
* 
F value significant at P = 0.05. 
** 
P value significant at P = 0.01. 
Figure 28. Respiration rates (yl. O^/gram dry weight/ 
minute) of Amsoy seedlings 12, 24, 48, and 
72 hours after planting in sterilized sand 
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Figure 29. Respiration rates (yl. Og/gram dry weight/ 
minute) of Hawkeye seedlings 12, 24, 48, and 
72 hours after planting in sterilized sand 
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Field emergence and yield 
The monthly precipitation and average temperature for 
the 1968 growing season are presented in Table 21. The 
rainfall in May, July, and August was below normal. However, 
the mean rainfall for the season was above normal. Excepting 
in June and October, the average temperatures were below 
normati—hail in June shredded plant 
leaves and bruised stems. 
Table 21. Total monthly precipitation and average temperature 






May 2.41 -1.87 57.6 -2.9 
June 9.09 +3.88 71.2 +1.2 
July 2.25 -1.06 72.6 -2.2 
August 3.33 -0.52 72.2 -0.5 
September 4.28 +0.98 62.6 -1.7 
October 2.93 +0.93 54.2 +0.9 
Total 24.29 +2.34 390.4 -5.2 
Mean 4.05 +0.39 65.1 -0.9 
^Information obtained from United States Department of 
Commerce, Weather Bureau Climatological Data, Iowa. 
Departures are compiled from 1931-60 normals. 
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The emergence percentage of both varieties decreased 
with aging (Figures 30 and 31). There was no appreciable 
loss in germination until after the fourth day of aging. 
Thereafter, there was a rapid decline in emergence. The 
emergence of high quality seeds was less erratic than that 
of low quality seeds. Treating seeds with Captan increased 
only the emergence of medium and low quality seeds. The 
field emergence results were generally lower than the labora­
tory germination tests. 
The yield of plants harvested from the emergence test 
experiment is presented in Table 23, The yield per unit area 
decreased with aging. However, yield per plant increased 
with loss of viability. This was due to reduction in plant 
population per area resulting in an increase of number of 
pods per plant. Treating seeds with Captan significantly 
increased the yield of medium and low quality seeds. The 
yield of 12-day aged seeds of Amsoy treated with Captan was 
668.8 grams compared to 5.6 grams for non-treated seeds. 
Hawkeye seeds aged 12 days had 703.9 and 32.6 grams for 
treated and non-treated seeds, respectively. Amsoy seeds 
were more adversely affected by aging than were Hawkeye. 
Figure 30. Field emergence percentage of Amsoy treated (T) 
and non-treated (NT) seeds 
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Figure 31. Field emergence percentage of Hawkeye treated 
(T) and non-treated (NT) seeds 
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Table 22. Plant populations and code of Amsoy and Hawkeye 





Table 23. Yield (grams/66 .7 sq. ft.) from field emergence 
test of Amsoy and Hawkeye non-treated and treated 
seeds planted at Agronomy Farm, Ames, Iowa, 1968 
Days — Yield 
Variety aged Non-treated Treated 
Amsoy 0 1428.8 1465.0 
4 1487.2 1430.4 
8 1087.8 1292.8 
12 5.6 668.8 
Mean 1004.9 1214.3 
Hawkeye 0 1546.6 1458.6 
4 1419.6 1389.2 
8 1392.4 1537.0 
12 32.6 703.9 
Mean 1097.8 1272.2 
Determination of growth and development rate 
The dry matter distribution of Amsoy planted at and 
Pg are presented in Table 24. No dry matter was taken at P^^ 
because of irregular plant spacing. There were fluctuations 
between the deterioration levels within each stage. Dry 
matter increased with days after planting. Over 50 per cent 
of the total dry matter was made up of leaves at the end of 
129 
stage four (58 days from planting) . Thereafter, stems and 
pods contributed over 50 per cent of the dry matter. The 
dry matter of pods for control, four and eight days aged 
seeds was 350.8, 320.0 and 279.4 grams, respectively, at 
at stage nine. The dry matter of pods at stage nine for 
unaged, four and eight days aged seeds was 240.2, 205.0 and 
185.4 grams, respectively. 
Table 24. Dry matter distribution (grams/13.3 sq. ft.) of 
Amsoy and Hawkeye at two populations (P2 and P3) 




code Varieties aged Leaves Stems Pods Total 
po Amsoy 0 132.0 182.6 350 .8 665.4 
z 4 118.4 172.2 320.0 586.3 
8 113.8 160.6 279.4 553 .8 
Hawkeye 0 109.8 19 4.0 327.9 633.7 
4 137.6 186.6 325.8 641.0 
8 144.2 200.2 372.4 716.8 
p3 Amsoy 0 89.6 123.8 240.2 453.6 j 4 72.1 92.4 205.0 369.5 
8 80.6 113.0 185.4 379 .0 
Hawkeye 0 108.8 118.4 248.4 475.6 
4 89.2 101.8 235.4 426.4 
8 100.0 118.6 220.2 448.8 
^Stage nine was 113 days from planting. 
The dry matter of Hawkeye at P2 and Pg (Tables 24, 71, 
and 72) decreased with aging. At the end of stage four, 
leaves contributed over 50 per cent of the dry matter. 
However, after this stage, there was a shift with the stems 
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and the pods making up over 50 per cent of the dry matter. 
Generally, the high quality seeds produced more economic 
yield than the low quality seeds. In all cases, a higher 
plant population produced more dry matter than a lower popula­
tion. Hawkeye produced more dry weight than Amsoy. 
In general, the number of branches per plant {Tables 25 
and 73) decreased with loss of viability. The number of 
branches increased with days after planting. They also 
increased with decrease in plant population. 
Accelerated aging of seeds did not significantly affect 
the number of nodes per plant (Table 25 and 74). However, 
the effect of population on the number of nodes was signifi­
cant. Hawkeye had more nodes than Amsoy. 
Plant height was relatively unaffected by aging (Table 
25 and 75). Plant height increased with days after planting 
and increased with increased population (P^^) . 
There was fluctuations in the leaf area index (LAI) and 
specific leaf weight (SLW) of both Amsoy and Hawkeye plants 
between deterioration levels (Table 26, 76, and 77). Leaf 
area index was not determined at stage three because the 
leaves were damaged by hail on June 29. Accelerated aging 
had no effect on the LAI and SLW of both varieties. 
The LAI increased with the stages of growth and develop­
ment. The variety means of SLW for Amsoy and Hawkeye were 
4.58 and 4.36, respectively. The higher plant population, 
had higher SLW than the lower one, P3. 
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Table 25. Number of branches per plant, number of nodes per 
plant, and plant height (inches) of Amsoy and 
Hawkeye at three populations (P^, ^ 2' P3) at 
stage ninea planted at Agronomy farm, Ames, Iowa, 
1968 
Popula­ Branches Nodes 
tion Days per per Plant 
code Varieties aged plant plant height (ins.) 
pi Amsoy 0 1.86 14.50 31.04 
4 1.98 14.54 31.36 
8 1.96 13.90 29.88 
12 1.80 15.78 33.18 
Hawkeye 0 1.64 14.66 30.70 
4 1.74 14.30 28.50 
8 1.66 15.06 29.38 
12 1.76 13.92 28.16 
pg Amsoy 0 7.64 18.96 31.44 
4 7.30 17.84 29.48 
8 7.64 19.18 30.34 
12 7.52 18.72 29.90 
Hawkeye 0 7.12 19.08 29.48 
4 7.04 19.38 27.74 
8 5.92 19.32 28.66 
12 6.44 19.52 28.50 
p. Amsoy 0 8.98 19.10 30.80 
nj 4 6.90 18.24 28.46 
8 7.70 19.60 31.00 
12 8.20 19.74 30.74 
Hawkeye 0 7.78 19.30 25.80 
4 7.40 17.40 24.80 
8 7.70 18.70 24.60 
12 7.26 17.10 25.34 
^Stage nine was 113 days from planting. 
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Table 26. Leaf area index (LAI) and specific weight (SLW) 
of Amsoy and Hawkeye at two populations (P., P,) 
at stage nine& planted at Agronomy farm, 
Ames, Iowa, 1968 
Population code Varieties Days aged LAI SLW 
^2 Amsoy 0 3.10 5.46 4 2.90 5.30 
8 2.50 5.88 
Hawkeye 0 3.10 4.64 
4 3.60 5.04 
8 3.60 5.26 
p3 Amsoy 0 2.10 5.,72 
4 1.80 5.22 
8 1.80 5.82 
Hawkeye 0 2.80 5.10 
4 2.20 5.38 
8 2.20 6.04 
^Stage nine was 113 days from planting. 
Yield and other agronomic characteristics 
The yield results of Amsoy and Hawkeye planted at three 
populations are presented in Table 27. Generally, yield 
decreased with loss of viability. However, there was 
no significant difference in the yield of Amsoy at P^ and 
Hawkeye at Pg. Amsoy seeds aged twelve days with germination 
of 45.0 per cent had a yield of 1590.8, 1018.8 and 570.2 
grams at P^, Pg, and P^, respectively. Unaged seeds of Amsoy 
with 95.0 per cent germination had a yield of 1694.8, 1388.2 
and 964.4 grams for P^^, Pg, and P^, respectively. The effect 
of aging on the yield of Hawkeye was similar to that of Amsoy. 
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Table 27. Yield {grams/33.2 sq. ft.) of Amsoy and Hawkeye 
planted at three populations (P]^, P2, P3) at 
Agronomy farm, Ames, Iowa, 1968 
Populations 
Varieties aged Pi 
^2 P3 Mean 
Amsoy 0 
* 
1694.8^ 1388 .2^ 964.4^ 1349.1^ 
4 1592.2^ 1474 .6^ 911.0^ 1325.9&b 
8 1622.6% 1300 .0^ 771.2^ 1231.3^ 
12 1590.8^ 1018 .8^ 570.2^ 1059.9® 
Mean 1625.1 1295 .4 804.2 
Hawkeye 0 1551.8^ 1416 .2® 951.4° 1306.5^ 
4 1384.2^° 1240 .2=4 9 37.4° 1187.3^® 
8 1407.8^2 1395 .4° 962.0° 1255.1^® 
12 1320.4° 10 88 .6^ 801.4° 1070.1^ 
Mean 1416.0 1285 .1 913.0 
Values differing significantly in the same column, 
within variety, at 5 per cent level of significance are 
indicated by different letters. 
At P^, unaged seeds had a yield of 1551.8 grams compared to 
1320.4 grams for 12 days aged seeds. Although Hawkeye pro­
duced more dry weight than Amsoy, however, the economic yield 
(seeds) of Amsoy was greater than that of Hawkeye excepting 
at Pj. However, the difference in yield was not significant. 
The effect of population on yield was highly significant. 
The effect of aging on the number of pods per plant was 
erratic (Table 28). However, the age mean decreased in 
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number of pods per plant with loss of viability. The number 
of pods per plant increased with decreasing plant population. 
The population means of Amsoy at P^, P^, and P^ were 31,9, 
115.5, and 153.2 pods per plant, respectively. Hawkeye had 
27.7, 142.5, and 185.8 pods per plant for P^, P^, and P^, 
respectively. Most of the pods were borne on branches at Pg 
and P^. Majority of the pods at P^ were borne close to the 
ground. Both splashing of water on pods close to the ground 
and lodging reduced the germination of harvested seeds 
(Table 78). 
Table 28. Number of pods per plant of Amsoy and Hawkeye 
planted at three populations (P,, P^, P,) at 
Agronomy farm, Ames, Iowa, 1968 
Populations 
Variety aged pi 
^2 p3 Mean 
Amsoy 0 29.3 135.5 19 2.2 119 .0 
4 33.2 115.5 157.3 102.0 
8 27.0 109.3 150.4 95.6 
12 37.9 101.4 152.8 97.4 
Mean 31.9 115.5 163.2 
Hawkeye 0 25.1 138.6 193.1 118.9 
4 26.6 143.9 19 8.1 122.9 
8 30.5 150.8 171.7 117.7 
12 28.9 136.8 180.2 115.3 
Mean 27.7 142.5 185.8 
Aging did not affect the number of seeds per pod (Table 
29). Amsoy had 2.62 seeds per pod compared to 2.18 for 
Hawkeye. The number of seeds per pod increased with a 
reduction in plant population. The population means for 
p]_, p2 and p3 were 2.28, 2.45 and 2.47, respectively. 
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Table 29, Number of seeds per pod of Amsoy and Hawkeye 
planted at three populations (Pj^, P2, P3) at 
Agronomy farm, Ames, Iowa 1968 
Days Populations 
Variety aged P^ Pg P3 Mean 










2.60 2.76 2.61 
2.68 , 2.54 2.55 
2.70 2.82 2.70 
2.66 2.62 2.61 
2.66 2.68 
2.30 2.30 2.19 
2.20 2.32 2.21 
2.24 2.24 2.21 
2.20 2.14 2.12 
2.23 2.25 
Seed size (grams/100 seeds) was not affected by aging 
(Table 30). Hawkeye had a higher seed size than Amsoy. 
Table 30. Seed size (grams/100 seeds) of Amsoy and Hawkeye 
planted at three populations at Agronomy farm, 
Ames, Iowa, 1968 
Days Populations 
Variety aged P^^ P2 P3 Mean 










15.44 14 .66 15. 55 
15.54 14 .52 15. 59 
15.38 14 .86 15. 65 
15.36 15 .36 15. 89 
15.43 14 .85 
16.92 16 .60 16. 84 
16.46 16 .88 16. 71 
16.74 16 .94 16. 88 
16.96 17 .18 17. 03 
16.77 16 .90 
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Unlike the results of the effect of age on number of 
seeds per pods and seed size, loss of viability due to aging 
significantly increased lodging (Table 31). The hail of 
June 29 caused considerable damage to soybean plants. Leaves 
were shredded. Stems were bruised. The low quality seeds 
that were slow to emerge were affected most. The seeds 
were planted 45 days before the hail. These bruised stems 
probably resulted in the increased lodging. 
Table 31. Lodging score (1-5) of Amsoy and Hawkeye planted 
at three populations at Agronomy farm, Ames, 
Iowa, 19 6 8 
Populations 






1.94 1.38 1.24 
2.28 1.42 1.24 
2.26 1.74 1.32 
2.54 1.74 1.58 










2.00 1.74 1.30 
2.78 1.74 1.32 
2.44 1.70 1.50 
2.98 2.16 2.08 






Table 32. Analyses of variance for Figures 30, 31 and 
Tables 23, 24, 25, 27, 28, 29 
Source of variation D.F. Mean squares 




Age X treatment 3 

















Stages of harvest 5 













































F value significant at P = 0.05. 
F value significant at P = 0.01, 
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Relationship of evaluation methods 
The correlation coefficients among indices of vigor are 
presented in Tables 33 and 34. Figure 32 showed that in 
early stages of deterioration (0-10 days) respiration 
declined before there was a reduction in yield when stands 
were unequal due to loss of viability. Germination declined 
before GADA was affected. Shoot length was the last vigor 
index affected by age. However, germination percentage 
decreased before coefficient of velocity. 
Table 33. Correlation coefficients of quality evaluation methods 
. .. Field Field 
ermina ion Seedling Cold Electrical emergence emergence 
4 days 9 days length test GADA resistance % (yield) 
Germination ** 
4 days 1.00** ** 
9 days .98 1.00 
* *  * *  * *  
Seedling 
Length .98 .94 1.00 
** *  *  *  *  
Cold test .75 .69 .58 1.00 
GADA .49 .36 .36 .49 1.00. 
Electrical ** ** * ** ** ** 
resistance .86 .82 .67 .77 .72 1.00 
Field ** ** ** ** ** 
emergence % .94 .95 .88 .92 .57 .69 1.00 
Field 
emergence ** * * ** ** ** ** 
(yield) .95 .98 .90 .81 .52 .60 .98 1.00 
* 
F value significant at P = 0.05. 
* *  
F value significant at P = 0.01. 
Table 34. Correlation coefficients of quality evaluation methods 
Electrical Respiration 
Tetrazolitun GADA resistance 12 hours 24 hours 4 8 hours 72 hours 
Germination 
* *  *  * *  * *  * *  
4 days • ® 2** .49 . 86 .46 .55 . 8 6 *  • 86** 
9 days .93 .36 .82 .58 ^ .60 .73 .87 
Coefficient 
*  *  *  * *  * *  
velocity .93 .27 .75 .38 .59 .91 .79 
* *  *  *  * *  
Seedling length .95 .36 .67 .44 .45 .75 .77 
Seedling dry wt. -.16 -.27 -.61 .65* . 43 -.17 -.04 
Cold test 
* * *  * *  *  *  
non-treated • 66 .49 .77 .36 .72 . 80 .74 







.65 . 83 .79 .76 
Field emergence 
( % ) 
* *  *  *  *  *  
non-treated .83 .57 . 69 .57 .73 .85 .92 
* *  *  *  * *  
treated . 81 .49 . 55 . 66 .71 .76 . 88 
Field emergence 
(yield) 
* *  *  *  * *  
non-treated .85 .52 .60 .64 .72 .77 .91 
*  *  *  *  * *  
treated .84 .49 .58 .63 .71 .71 .92 
* 
F value significant at P = 0.05. 
* * 
F value significant at P = 0.01. 
Figure 32. Percentage relative performance of Amsoy and 
Hawkeye combined: nine days germination (A), 
shoot length after nine days (B), coefficient 
of velocity (C), yield from non-treated 
emergence test (D), GADA (E), and respiration 
rates age means of 12, 24, 48, and 72 hours (P) 
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19 69 Experiments 
The original moisture content of Amsoy and Hawkeye 
seeds was 12.6 and 11.8 per cent, respectively. The moisture 
content of Amsoy seeds was not increased; but the moisture 
content of Hawkeye seeds was increased to 12.9 per cent 
before aging. After aging, the moisture content of Amsoy and 
Hawkeye seeds was 12.7 and 12.9 per cent, respectively (Table 
35) . 
Table 35. Percentage moisture content of Amsoy and Hawkeye 
seeds aged for 22 days in 1969 
Varieties 
Days aged Amsoy Hawkeye 
4 13 .6 14 .0 
8 12 .8 12 .8 
10 12 .9 12 .5 
12 12 .3 13 .0 
14 12 .6 12 .2 
16 12 .8 12 .9 
18 12 .3 12 .9 
20 12 .4 12 .8 
22 12 .6 12 .6 
Mean 12 .7 12 .9 
Germination 
The germination results of Amsoy and Hawkeye seeds after 
four and nine days from planting are presented in Figures 33 
and 34, respectively. The viability of both varieties 
declined with age. However, the germination of Amsoy seeds 
aged ten days was higher than that of control seed. Amsoy 
had consistently lower germination than Hawkeye. The variety 
Figure 33. Four and nine days germination percentage of 
Amsoy seeds planted in sterilized sand in light 
at 25°C 
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Figure 34. Four and nine days germination percentage of 
Hawkeye seeds planted in sterilized sand 
in light at 25"C 
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means of Amsoy and Hawkeye for four day germination were 
51.0 and 64.8 per cent, respectively. Variety means of nine 
day germination of Amsoy and Hawkeye were 63.3 and 71.6 
per cent, respectively. 
The ratio of four to nine day germination is presented 
in Table 36. As in germination results, the ratio declined 
with loss of viability. 
Table 36. Ratio of four to nine days germination of Amsoy 
and Hawkeye seeds planted at 25°C in light 
Varieties 
Days aged Amsoy Hawkeye 
0 0.80 0.95 
4 0.89 0.97 
8 0.92 0.98 
10 0.91 0.99 
12 0.92 0.94 
14 0.86 0.96 
16 0.67 0.96 
18 0.34 0.66 
20 0.00 0.24 
22 0.00 0.04 
Coefficient of velocity 
Artificially aging Amsoy seeds slightly increased the 
rate of emergence of seedlings (Table 37). The emergence 
rate of four, eight, ten, and twelve days aged seeds was 
increased by 6.4, 6.8, 5.5, and 9.7 per cent, respectively, 
over control seeds. Thereafter, there was a decline with 
a loss of viability. Generally, there was a decline in 
speed of emergence with aging in Hawkeye seeds. Hawkeye 
149 
emerged at a significantly higher rate than Amsoy. The 
effect of aging on coefficient of velocity was also highly 
significant. 
Table 37. Coefficient of velocity of Amsoy and Hawkeye seeds 
planted in sterilized sand in light at 25°C for 
nine days 
Varieties 
Days aged Amsoy Hawkeye 
0 23.6 28.7 
4 25.1 30.5 
8 25.2 28.8 
10 24.9 28.4 
12 25.9 25.0 
14 23.6 25.0 
16 22.5 25.5 
18 20.8 21.2 
20 16.8 18.9 
22 16.1 17.6 
Seedling length and dry matter determination 
The results of hypocotyl, epicotyl, and total shoot 
length of seeds planted in sterilized sand are presented in 
Table 38. Aging increased the hypocotyl length of Amsoy 
seeds until after 16 days aging. Thereafter, there was a 
decline in hypocotyl length. The increase in seeds aged 10 
and 14 days was highly significant. 
The hypocotyl, epicotyl, and total shoot length of 
Hawkeye decreased with loss of viability, and Hawkeye pro­
duced taller seedlings than Amsoy. 
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Table 38. Hypocotyl, epicotyl, and total shoot length 
(mm./seedling) of Amsoy and Hawkeye seeds planted 
at 25°C in sterilized sand in light 
Varieties Days aged Hypocotyl Epicotyl Total shoot 
Amsoy 0 8 8 . 6  99.1 187.7 
4  90.0 106.4 196.4 
8 96.2 100.3 196.5 
10 105.1 95.7 200 .8 
12 100.8 104.6 206.4 
14 102.3 97.3 199.6 
16 90.8 87.7 178.5 
18 77.6 66.0 143.6 
Hawkeye 0 119.4 133.5 252.9 
4 118.9 138.6 257.5 
8 118.0 125.8 256.3 
10 115.9 133.0 248.9 
12 117.2 124.1 241.3 
14 117.5 131.9 249 .4 
16 116.5 113.1 229.6 
18 101.9 69.3 171.2 
Unlike hypocotyl length, aging had no effect on the dry 
matter of the hypocotyl of the Amsoy seedlings (Table 39). 
There was no significant difference in dry matter between 
age levels in Hawkeye seeds, although the total dry weight 
of seedlings decreased with age. 
The loss of dry matter from the cotyledons of Amsoy seed­
lings was rapid until ten days of aging. Thereafter, the loss 
of dry weight was gradual. Cotyledons of control seeds 
weighed 60.2 mg. compared to 79.2 mg./seedling for seeds aged 
18 days. The Hawkeye seeds with the lowest germination also 
lost the least dry weight from the cotyledons. Generally, 
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the total seedling dry weight decreased with aging when the 
cotyledons were excluded (Table 40). 
Table 39. Dry weight (mg./seedling) of hypocotyl, epicotyl, 
cotyledon leaf, and total shoot of Amsoy and 
Hawkeye seeds planted at 25°C in sterilized sand 
in light 
Days Total 
Varieties aged Hypocotyl Epicotyl Cotyledons Leaf shoot 
Aitisoy 
Hawkeye 
0 29.9 13.3 60.2 19.4 122.9 
4 30.0 13.5 62.2 17.7 123.5 
8 32.5 13.4 58.4 19.8 124.1 
10 32.3 13.7 54.4 21.4 121.8 
12 32.3 12.5 59.3 18.5 122.4 
14 30.8 13.3 61.4 16.9 122.4 
16 29.9 12.9 67.0 14.5 124.3 
18 28.8 8.5 79.2 10.2 125.8 
0 32.6 17.4 53.7 22.0 125.8 
4 31.6 17.8 55.3 20.5 125.4 
8 33.3 16.3 56.6 23.9 130.2 
10 33.7 17.4 55.9 20.3 127.3 
12 33.6 15.1 59.2 17.3 125.2 
14 29.9 16.5 57.4 22.8 126.7 
16 32.2 13.5 56.1 18.8 120.7 
18 32.4 8.9 71.5 12.2 125.1 
Table 40. Total dry weight (mg./seedling) of Amsoy and 
Hawkeye seedlings less the dry weight of the 
cotyledons 
Varieties 
Days aged Amsoy Hawkeye 
0 62.7 72.1 
4 61.3 70.1 
8 65.7 73.6 
10 67.4 71.4 
12 63.1 66.0 
14 61.0 69.3 
16 57.3 64.6 
18 47.6 53.6 
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The seedling length (roots, hypocotyls, and epicotyls) 
of Amsoy and Hawkeye seeds planted in the dark at 25°C for 
nine days are presented in Figures 35 and 36, respectively. 
Aging decreased the root length of both varieties. However, 
the differences were not significant. The mean root length 
for Amsoy was 272.4 mm. compared to 270.0 mm. for Hawkeye. 
Aging did not increase the hypocotyl length of Amsoy planted 
in the dark. Rather the hypocotyl and the epicotyl lengths 
of both varieties decreased with loss of viability. The 
mean seedling length of Amsoy and Hawkeye were 455.2 mm. and 
507.2 mm., respectively. Of the total Amsoy shoot of 455.2 
mm., 59.9 per cent was made up of roots compared to 53.3 
per cent for Hawkeye. The mean hypocotyl lengths of Amsoy 
and Hawkeye were 71.9 and 82.3 per cent of the shoot length, 
respectively. 
The dry matter of roots, epicotyls, and leaves decreased 
significantly with aging (Table 41). There was no signifi­
cant difference in the dry matter of hypocotyls and coty­
ledons between deterioration levels within varieties. As 
with seeds planted in the light (Table 39), the lowest quality 
seed lost the least dry weight from the cotyledons. Although 
the root length of Amsoy was 59.9 per cent of the seedling 
length, however, it contributed only 9.1 per cent of the 
total dry weight. The roots of Hawkeye were 7.3 per cent of 
the entire seedling dry weight. The cotyledons were 63.7 
and 57.1 per cent of the shoot dry weight of Amsoy and Hawkeye, 
Figure 35. Growth rate (mm./seedling) of shoot (S), 
epicotyl (E), Hypocotyl (H), and root (R) of 
Amsoy seedlings planted in the dark at 25®C 
for nine days 
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Figure 36. Growth rate (mm./seedling) of: shoot (S), 
epicotyl (E), hypocotyl (H), and root (R) of 
Hawkeye seedlings planted in the dark at 25®C 
for nine days 
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respectively. The dry matter production between deteriora­
tion levels within varieties was identical excluding the 
weight of the leaves and cotyledons. 
Table 41. Dry matter (mg./seedling) of Amsoy and Hawkeye 
seeds planted in dark at 25®C for nine days 
Days Hypo- Epi- Coty- Total 
Varieties aged Roots cotyl cotyl ledon Leaf shoot 
Amsoy 
Hawkeye 
0 13.6 30.5 12.3 77.1 3.4 142.9 
4 14.2 31.2 13.0 75.4 3.8 137.6 
8 12.3 29.7 11.0 76.1 2.9 131.6 
10 13.1 32.1 8.9 76.2 3.1 133.4 
12 11.4 31.4 7.6 64.1 2.2 116.6 
14 10.5 31.2 7.3 79.0 2.4 130.4 
16 10.8 29.2 4.6 86.1 2.2 132.9 
Mean 12.3 30.8 9.2 76.3 2.9 132.2 
0 11.4 37.6 9.0 75.6 3.6 137.2 
4 10.6 35.5 8.7 75.7 3.4 134.0 
8 10.3 37.7 8.2 76.8 3.0 136.0 
10 10.9 38.9 7.8 78.9 2.9 139.4 
12 8.4 34.8 6.3 81.8 2.7 133.9 
14 8.2 39.9 7.7 80.1 2.7 138.5 
16 8.2 36.3 5.1 67.4 2.6 121.7 
Mean 9.7 37.2 7.5 72.9 3.0 134.4 
Cold test 
The cold test results of both varieties are presented in 
Figures 37 and 38. Seed quality decreased with aging. 
Treating seeds with Captan significantly increased the germina­
tion of both varieties. The germination of control and ten 
day aged untreated seeds was 73.3 and 37.3 per cent, 
respectively. However, Amsoy seeds of the same age treated 
with Captan had 86.0 and 85.3 per cent, respectively. 
Figure 37. Cold test germination percentage of Amsoy 
treated (T), and non-treated (NT) seeds 
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Figure 38. Cold test germination percentage of Hawkeye 
treated (T) and non-treated (NT) seeds 
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Hawkeye was less susceptible than Amsoy to disease organisms 
such as Pythium. 
Table 42. Analyses of variance for Figures 33, 34, 37, 38 
and Tables 36, 37 
Source of variation D.F. Mean square 
Germination % 
4 days: Ages 9 
Varieties 1 





































F value significant at P = 0.05. 
k 
F value significant at P = 0.01. 
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Table 43. Analyses of variance for Figures 35, 36 and 
Tables 38, 39 and 41 
Source of variation D.F. Mean square 
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F value significant at P = 0.05. 
** 
F value significant at P = 0.01. 
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Electrical resistance test 
Aging increased the permeability of the seed coat and 
cell membrane resulting in increased electrolytes in the 
leachates. These leachates caused decrease in electrical 
resistance (Figure 39) . The electrical resistance of control 
seeds of Amsoy was 9175 ohms compared to 4375 ohms for seeds 
aged 20 days. The corresponding cold test (treated) results 
were 86.0 and 2.0 per cent. The electrical resistance values 
for unaged, 12, and 20 days aged Hawkeye seeds were 9500, 
7800 and 5000 ohms, respectively. Hawkeye seeds that had a 
higher germination than Amsoy in cold test (Figures 37 and 38), 
also produced less leachates. The seed coats of steeped 
Amsoy seeds adhered less to the cotyledons than those of 
Hawkeye. 
Tetrazolium test 
The results of the effects of aging on dehydrogenase 
activity of Amsoy and Hawkeye are presented in Figures 40 and 
41, respectively. Generally, there was a decline in formazan 
content, extracted with methyl cellosolve, with loss of 
viability. The dehydrogenase activity of Amsoy aged 20 days 
was comparatively high compared to control seeds (Figure 40). 
The formazan content of the excised embryo was more closely 
related to vigor than either that of the seed or the coty­
ledons . Hawkeye had a higher dehydrogenase activity than 
Amsoy. 
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Figure 39. Electrical resistance (ohms x 10 ) of Hawkeye 
and Amsoy seed leachates 
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Figure 40. Effect of storage (12.7 per cent moisture, 
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Figure 41. Effects of storage (12.9 per cent moisture, 
40"O on dehydrogenase activity of Hawkeye seeds 
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Glutamic acid decarboxylase activity (GADA) 
The results of GADA of excised embryos, cotyledons and 
the entire seed are recorded in Table 44. There was no 
significant difference between deterioration levels in either 
its embryo, cotyledon or seed of both varieties. Amsoy seeds 
aged 20 days with 9.5 per cent germination (Figure 33) had 
GADA values 78.6 per cent of control. Hawkeye seeds also 
aged 20 days with 17.7 per cent germination had GADA values 
98.5 per cent of control seeds. The GADA of the embryo and 
the cotyledons from control seeds of Amsoy was 94.6 and 87.0 
per cent of control seeds, respectively. The embryos of 
Hawkeye had 86.0 per cent GADA of the seed compared to 95.2 
per cent for the cotyledons. The GADA of Hawkeye was signifi­
cantly higher than that of Amsoy. 
Table 44. Glutamic acid decarboxylase activity (GADA) pl.Og/ 
gram dry weight/minute of excised embryos, coty­
ledons and dried seeds of Amsoy and Hawkeye 
Seed organ 
Varieties Days aged Embryo Cotyledon Seed 
Amsoy 0 1.86 2.41 2.52 
4 2.57 2.31 2.40 
8 1.88 1.90 2.15 
12 2.33 1.62 2.11 
16 2.30 1.93 2.21 
20 1.75 1.49 1.98 
Hawkeye 0 3.70 3.82 3.40 
4 3.44 3.74 4.16 
8 3.58 3.66 3.82 
12 1.73 2.99 3.29 
16 2.78 3.09 3.50 
20 3.22 3.10 3.35 
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Respiration rate 
The respiration rate of seeds planted in moist paper 
towel for 24, 36, 48, and 60 hours are recorded in Table 45, 
Table 45. Respiration rate (yl.02/gram dry weight/minute) 
of Amsoy and Hawkeye seedlings 24, 36, 48, and 




Time from planting (hrs.) 
24 36 48 60 Mean 
Amsoy 
Hawk eye 
0 4.63 6.68 12.26 10.66 8.56 
4 5.40 6.38 12.60 13.91 9.57 
8 5.96 4.75 10.04 10.64 7.85 
12 4.06 5.32 8.94 9.54 6.95 
16 4.42 5.02 9.40 8.89 6.93 
20 3.75 3.85 7.53 8.14 5.82 
Mean 4.70 5.33 10.12 10.30 
0 4.43 7.28 11.16 14.57 9.35 
4 5.38 6.07 11.08 12.01 8.63 
8 4.46 6.68 11.37 10.40 8.23 
12 4.89 5.53 11.79 10.03 8.31 
16 4.57 5.92 7.44 9.03 6.74 
20 4.23 4.57 6.58 7.82 5.80 
Mean 4.66 6.01 9.90 10.81 
Generally, the respiration rate decreased significantly with 
loss of viability. However, the age mean for control seeds 
of Amsoy had 8.56 pl.Og per gram per minute compared to 9.57 
yl. for Amsoy seeds aged four days. 
Unaged Amsoy seeds with 91.5 per cent germination 
(Figure 33) consumed 8.56 pl.Og per gram dry weight per minute 
compared to 6.95 and 5.82 #1. for seeds aged 12 and 20 days, 
respectively with corresponding germination of 79.5 and 9.5 
per cent. Undeteriorated, 12 and 20 day aged Hawkeye seeds 
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consumed 9.35, 8.31 and 5.80 yl.Og, respectively. These 
deterioration levels (0, 12, 20 days) had germination of 98.0, 
86.0 and 17.0 per cent, respectively. The respiration rate 
increased with time after imbibition. Treating the seeds 
with 1% sodium hypochlorite before planting improved germina­
tion. 
Carbohydrate fractions 
The results of glucose, reducing, non-reducing, and 
total soluble carbohydrates in micrograms (yg.) per milligram 
dry weight from dried seeds are presented in Figures 42 and 
43. The glucose content of Amsoy declined linearly with 
deterioration (Figure 42). However, the decrease was more 
gradual than that of germination (Figure 33). The reducing 
sugar content also decreased with loss of viability. But 
Amsoy aged 20 days had 25.1 yg. compared to 24.7 yg. per mg. 
dry weight for seeds aged 12 days. The total water soluble 
sugar content of control, eight, and twenty days aged seeds 
was 129.4, 102.1 and 108.0 yg. per mg. dry weight, re­
spectively . 
The glucose, reducing, non-reducing, and total sugar 
content of Hawkeye decreased significantly with age. The 
glucose content of Amsoy was 6.94 yg. compared to 11.79 yg. 
per mg. dry weight for Hawkeye. The content of reducing, 
non-reducing and total water soluble sugars of Amsoy was 
25.42, 90.88, and 116.30 yg. per mg. dry weight, respectively. 
Figure 42. Total water soluble sugars (T), non-reducing 
sugars (NR), reducing sugars (R), and glucose 
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Figure 43. Total water soluble sugars (T), non-reducing 
sugars (NR), reducing sugars (R), and glucose 
(G) content (pg./mg. dry weight) of Hawkeye 
seeds 
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Hawkeye seeds contained 10.01, 87.14, and 102.15 ug. per mg. 
dry weight of reducing, non-reducing and total water soluble 
sugars. 
The results of sucrose content of (ug./mg. dry weight) 
of Amsoy and Hawkeye seedling planted in paper towel in the 
dark at 25°C for 36 hours are presented in Table 46. The 
sucrose content of both varieties declined slightly with 
aging. However, the decrease was not significant. Unaged 
seeds of Amsoy had 89,5 yg. compared to 83.7 yg. per mg. dry 
weight for 20 days aged seeds. Amsoy had significantly 
higher sucrose content than Hawkeye. 
Table 46. Sucrose content (yg./mg. dry weight) of Amsoy 
and Hawkeye seedlings planted at 25°C for 36 
hours in the dark 
Varieties 
Days aged Amsoy Hawkeye 
0 89.5 83.5 
4 85.1 86.5 
8 83.5 72.6 
12 86.2 70.3 
16 80.5 74.8 
20 83.7 72.5 
Mean 84.8 76.7 
The results of total water soluble sugars from leachates 
of Amsoy and Hawkeye seeds are presented in Table 47. About 
five grams of Amsoy and Hawkeye seeds from each deterioration 
level were steeped in 50 ml. deionized distilled water at 
30°C for four hours. Each sample was washed three times with 
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30 ml. water and the washings were collected and made to 100 
ml. The total sugar content was determined by the phenol-
sulfuric acid method of Dubois et (1956) . Each treatment 
was replicated four times. 
Table 47. Total water soluble sugars (yg./mg. of seed) of 
leachates from Amsoy and Hawkeye seeds steeped 
in water at 30°C for four hours 
Varieties 
Days aged Amsoy Hawkeye 
0 0.88 0.47 
4 0.80 0.90 
8 4.20 1.05 
12 7.06 1.63 
16 10.44 4.3 
20 12.17 6.94 
The total water soluble sugar content of leachates 
increased with aging. Amsoy seeds aged 20 days had 13.8 
times more sugar than control seeds. Hawkeye seeds aged 20 
days had 14.8 more sugar than control seeds. Amsoy had more 
total sugars in the leachate than Hawkeye. The increase of 
sugars in the exudate was similar to the increase of electro­
lytes in leachates from electrical resistance tests. 
Nitrogen fractions 
The amino-N and imino-N content of seeds of both varie­
ties decreased significantly with deterioration (Figures 44 
and 45). The amino-N content of Amsoy unaged, twelve and 
twenty days aged seeds was 3.1, 2.3 and 2.3 yg. per mg. dry 
Figure 44. Amino-N and imino-N content (vig./mg. dry weight) 






Figure 45. Amino-N, and imino-N content (yg./mg. dry weight) 
of Hawkeye seeds 
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weight, respectively. The imino-N content declined gradually 
until 16 days of aging. Thereafter, there was a slight 
increase. Hawkeye seeds aged 12 and 20 days had 85.8 and 
77.1 per cent of the amino-N content of control seeds. The 
imino-N content of both deterioration levels (12 and 20 days) 
was 96.3 and 85.2 per cent of control seeds. 
Table 48. Analyses of variance for Figures 39, 42, 43, 44, 
45 and Tables 44 and 45 



















































F value significant at P = 0.05. 
**F value significant at P = 0.01. 
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Table 48 (Continued) 
Sources of variation D.F. Mean square 
Non-reducing sugars 
** 
Ages 5 142.7 
Varieties 1 168.4 
Total sugars 
* * 
Ages 5 1760.8** 
Varieties 1 2401.2 
Amino-N 
** 
Ages 5 1.0,* 
Varieties 1 2.6 
Imino-N 
_  _ * *  
Ages 5 ® • 3** 
Varieties 1 1,6 
Growth chamber experiments 
There was no significant difference in photosynthetic 
rate between deterioration levels within varieties (Table 49). 
However, there was considerable fluctuation between deteriora­
tion levels. The highest photosynthetic rates were in the 
youngest leaves. After five days of unrolling, Amsoy leaves 
had a photosynthetic rate of 383.0 compared to 366.5 micro­
liters of oxygen per gram dry weight per minute. Photo­
synthesis decreased with senescence of the leaves. In Amsoy, 
the photosynthetic rates after 10, 20, and 40 days from 
unrolling were 57.5, 24.6 and 15.0 per cent, respectively, of 
control (five days after unrolling). The photosynthetic 
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rates of Hawkeye were comparable to those of Amsoy. After 
10, 20, and 40 days from unrolling, the photosynthetic 
rates were 53.1, 24.5, and 14.4 per cent, respectively, of 
control (five days after unrolling) . 
Amsoy had higher photosynthetic rates throughout the 
four stages of growth and development. However, the varietal 
difference was not significant. 
Table 49. Net photosynthetic rates IJI.O2 per gram dry weight 
per minute of Amsoy and Hawkeye at four stages of 
growth and development 
Days from planting Days Varieties 
and unrolling^ aged Amsoy Hawkeye 
25 (5) 0 331.2 403.6 
4 388.9 326.6 
8 443.8 335.5 
12 368.2 400.1 
Mean 383.0 218.4 
30 (10) 0 234.4 218.4 
4 220 .4 155.0 
8 163.9 197.8 
12 262.8 207.2 
Mean 220.4 194.6 
40 (20) 0 90.9 96.4 
4 106.1 89.7 
8 94.9 75.7 
12 85.5 97.6 
Mean 85.5 89.6 
60 (40) 0 50.8 44.6 
4 54.1 63.1 
8 57.8 51.7 
12 66.8 51.8 
Mean 57.4 52.8 
^Figures in brackets refer to days from unrolling. 
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Aging had no significant effect on the respiration 
(Table 50). As with the photosynthesis, respiration rates 
decreased with time after unrolling of the leaves. The mean 
respiration rate for Amsoy 5 days from unrolling was 101.4 
microliters of oxygen compared to 62.7, 40.2, and 22.6 micro­
liters oxygen per gram dry weight per minute for 10, 20, and 
40 days after unrolling, respectively. The mean respiration 
rates for Hawkeye 5, 10, 20, and 40 days from unrolling were 
75.2, 48.9, 33.4, and 17.9 microliters of oxygen per gram 
dry weight per minute, respectively. Amsoy had significantly 
higher respiration rates than Hawkeye. 
Table 50. Respiration rates yl.02 per gram dry weight per 
minute of Amsoy and Hawkeye at four stages of 
growth and development 
Days from planting Days Varieties 
and unrolling^ aged Amsoy Hawkeye 













































^Figures in brackets refer to days from unrolling. 
188 
Table 50 (Continued) 
Days from planting Days Varieties 
and unrolling^ aged . Amsoy Hawkeye 
60 (40) 0 24.9 15.7 
4 23.5 16.6 
8 21.1 18.0 
12 21.0 21.3 
Mean 22.6 17.9 
Neither the leaf area nor the specific leaf weight (SLW) 
was affected significantly by aging (Tables 51 and 52) . 
Table 51. Leaf area and specific leaf weight (SLW) of Amsoy 
at four stages of growth and development 
Days from unrolling Days aged Leaf area SLW 
0 8.3 2.8 
4 5.2 3.2 
8 4.4 3.5 
12 6.2 3.3 
Mean 6.0 3.2 
0 14.3 3.2 
4 12.9 3.7 
8 15.4 3.4 
12 12.5 3.3 
Mean 13.1 3.4 
0 16.1 5.5 
4 17.0 4.7 
8 18.1 4.7 
12 16.8 5.1 
Mean 17.0 5.0 
0 21.6 6.1 
4 17.6 6.8 
8 18.1 6.3 
12 15.7 6.5 
Mean 18.2 6.4 
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Table 52. Lèaf area and specific leaf weight (SLW) of 
Hawkeye at four stages of growth and development 
Days from unrolling Days aged Leaf area SLW 
0 7.4 3.1 
4 7.5 3.2 
8 9.9 3.6 
12 8.3 2.8 
Mean 8.3 3.2 
0 13.7 3.2 
4 14.9 4.1 
8 16.9 3.1 
12 14.2 3.2 
Mean 14.9 3.4 
0 14.8 4.6 
4 16.9 5.1 
8 20.0 5.0 
12 14.0 4.7 
Mean 16.4 4.9 
0 16.7 5.5 
4 15.8 5.1 
8 18.3 5.5 
12 17.8 5.7 
Mean 17.2 5.5 
Both the leaf area and SLW increased with time after plant­
ing. Hawkeye produced larger leaves than Amsoy, especially 
at the first two stages of growth and development. There was 
no difference in the dry weight per unit area of leaves of 
Amsoy and Hawkeye at the first two stages of growth and 
development. However, after 20 and 40 days from unrolling, 
the SLW of Amsoy was higher than that of Hawkeye. 
Generally, plant height decreased slightly with aging 
(Table 53). However, the differences in plant height between 
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deterioration levels was not significant. Plant height 
increased with time after planting. Amsoy produced taller 
plants than Hawkeye at all stages of growth and development. 
However, these differences were not significant. 
Table 53. Plant height (cm./plant) of Amsoy and Hawkeye at 
four stages of growth and development 
Days from planting Days 
aged Amsoy Hawkeye 
25 0 22.0 19 .2 
4 20.5 21.0 
8 19.8 19.8 
12 18.3 19.2 
Mean 20.2 19.8 
30 0 30.5 23.0 
4 30.0 26.8 
8 29.0 25.0 
12 24.3 27.5 
Mean 28.5 25.6 
40 0 39.5 30.6 
4 41.0 37.4 
8 43.7 33.6 
12 34.8 34.5 
Mean 39.8 33.9 
60 0 58.5 37.8 
4 65.7 43.2 
8 55.2 41.7 
12 44.8 41.3 
Mean 56.1 41.0 
The dry matter of Amsoy and Hawkeye decreased with aging 
(Table 54). This was more striking with Amsoy than Hawkeye. 
The mean dry matter of Hawkeye was higher than that of Amsoy 
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at all stages of growth and development. However, neither 
the dry matter differences between the deterioration levels 
nor varietal differences were significant. Dry matter in­
creased highly significantly with time after planting. 
Table 54. Dry matter (gm./plant) of Amsoy and Hawkeye with 
four deterioration levels at four stages of growth 
and development 
Days Varieties 
Days from planting aged Amsoy Hawkeye 
25 0 0.60 0.57 
4 0.57 0.61 
8 0.53 0.72 
12 0.52 0.59 
Mean 0.56 0.62 
30 0 0.87 0.74 
4 0.87 0.95 
8 0.82 0.97 
12 0.81 0.84 
Mean 0.84 0.88 
40 0 1.49 1.59 
4 1.53 1.52 
8 1.56 1.97 
12 1.44 1.50 
Mean 1.51 1.65 
60 0 7.28 6.18 
4 7.09 6.37 
8 6.36 7.32 
12 5.57 6.66 
Mean 6.58 6.63 
The results of the number of pods per plant, dry weight 
of pods, seeds per pod, and number of branches per plant are 
recorded in Table 55. The effect of accelerated aging treat­
ment on the number of pods per plant was erratic. Amsoy seeds 
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aged four days had 17.0 pods per plant compared to 15.3, for 
control seeds. Unaged, four, and eight days aged seeds 
produced 17.7, 16.7, and 19.3 pods per plant, respectively. 
Table 55. Number of pods, dry weight of pods (gm.) seeds/ 
pod and number of branches of Amsoy and Hawkeye 
60 days after planting 
Days No. Dry wt. Seeds/ No. 































The dry weight of Amsoy pods decreased with deteriora­
tion but, that of Hawkeye was erratic. Although Amsoy 
produced less pods than Hawkeye however, the dry weight of 
the pods of Amsoy was greater than that of Hawkeye (Table 55). 
Neither the number of seeds per pod nor the number of 
branches per plant was significantly affected by aging. The 
mean seeds per pod for Amsoy was 2.1 compared to 1.8 for 
Hawkeye. Hawkeye produced more branches than Amsoy. 
The analyses of variance for the growth chamber experi­
ments are presented in Table 56. 
i 
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Table 56. Analyses of variance for Tables 49, 50, 51, 52, 
53, 54, and 55 
Source of variation D.F. Mean squares 
Photosynthesis 
Ages 3 1084.0 
Varieties 1 3653.2 
Respiration 
Ages 3 57.2* 
Varieties 1 3226.0 
Leaf area 
Ages 3 23.2 
Varieties 1 8.6 
Specific leaf weight 
Ages 3 0.2** 
Varieties 1 1.8 
Plant height 
Ages 3 92.8 
Varieties 1 915.1 
Total dry weight 
Ages 3 0.4 
Varieties 1 0.2 
Number of pods per plant 
Ages 3 3.0 
Varieties 1 18.4 
Dry weight of pods 
Ages 3 0.3 
Varieties 1 0.03 
* 
F value significant at P = 0.05. 
** 
F value significant at P = 0.01. 
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The total monthly precipitation and average temperature 
for the 1969 growing season are presented in Table 57. The 
rainfall in May and August was below normal. The rainfall in 
June was the lowest of the three years studied, while July 
was the highest., The mean temperature for the growing season 
was below normal. 
Table 57. Total monthly precipitation and average tempera­
ture with departures from mean for May-Sept. 
1969 growing season; Ames, Iowa 
Precipitation Temperature 
(Inches) Departures (°F) Departures 
May 3.21 -1.07 61.7 1.2 
June 5.96 +0.75 65.4 -4.8 
July 4.90 +1.51 74.0 -0.8 
August 2,02 -1.83 72.6 -0.1 
September 4.48 1.18 63.9 +0.4 
Mean 4.11 +0.01 67.5 -0.8 
Determination of growth and development rate 
The dry matter distribution of both Amsoy and Hawkeye 
are presented in Tables 58 and 59, respectively. Aging had 
no significant effect on the dry weight of leaves of both 
varieties. There were large fluctuations in the dry matter 
of the stems of Amsoy, while the dry matter of the stems of 
Hawkeye decreased with aging. Over 50 per cent of the total 
dry matter was contributed by the leaves until stage four 
(60 days). Thereafter, the stems and the pods contributed 
over 50 per cent of the total dry matter. At stage nine 
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(116 days) the percentage dry matter distribution for Anisoy 
was 14.8, 32.4, and 52.4 for leaves, stems, and pods, re­
spectively. The dry matter distribution for Hawkeye was 14.2, 
32.7, and 53.1 per cent for leaves, stems and pods, re­
spectively. 
Table 58. Dry matter distribution (grams/lO sq. ft.) of 
Amsoy planted at McKinney farm, Ames, Iowa, 
1969, during five stages of growth and development 
Days from Days 
planting aged Leaves Stems Pods Total 
40 0 21.1 10.2 mm m>mmm 31.3 
4 20.1 10.0 — — 30.1 
8 18.5 9.1 — — — 27.6 
12 19.6 9.5 —  — —  29.1 
Mean 19.8 9.7 —  — —  29.6 
60 0 77.0 77.1 —  — —  154.1 
4 66.4 63.2 129.6 
8 66.0 62.9 —  —  —  128.9 
12 72.7 72.0 — — — 144.7 
Mean 70.6 68.8 139.5 
70 0 107.8 136.6 —  —  —  244.4 
4 99.8 132.8 —  —  —  232.6 
8 106.4 136.8 —  — —  243.2 
12 105.4 137.8 243.2 
Mean 104.0 136.0 —  — —  240.9 
80 0 171.1 260.0 —  — —  431.1 
4 158.7 244.4 —  — —  403.1 
8 167.7 249 .8 — 417.5 
12 156.7 249.8 406.5 
Mean 163.5 251.0 414.5 
116 0 125.7 276.6 449.6 851.9 
4 117.4 262.8 406.6 786.8 
8 138.5 293.6 497.4 929.5 
12 129.0 282.4 451.0 862.4 
Mean 127.4 278.8 451.2 859.7 
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The dry matter of both varieties increased with days after 
planting. However, the dry matter of leaves declined at stage 
nine due to the shedding of lower leaves. 
Table 59. Dry matter distribution (grams/10 sq. ft.) of 
Hawkeye planted at McKinney Farm, Ames, Iowa, 
1969, during five stages of growth and development 
Days from Days 
planting aged Leaves Stems Pods Total 
40 0 22.2 10.4 B « M 32.6 
4 22.2 10.6 32.8 
8 21.7 10.0 —  — —  31.7 
12 17.4 7.9 —  —  —  25.3 
Mean 20.9 9.7 —  —  —  31.1 
60 0 78.3 77.0 mm 155.3 
4 77.2 74.9 152.1 
8 77.4 75.5 — — — 152.9 
12 71.0 65.5 136.5 
Mean 75.7 73.2 —  —  —  149.1 
70 0 106.8 142.0 — " — 248.8 
4 98.0 124.4 —  —  —  222.4 
8 107.0 136.2 — — — 243.2 
12 95.2 128.0 223.2 
Mean 101.9 130.8 — — — 233.3 
80 0 169.5 270.8 440.3 
4 170.7 245.2 — — — 415.9 
8 170.1 245.2 —  — —  415.3 
12 161.1 221.2 —  — —  382.3 
Mean 167.8 245.6 — — — 411.9 
116 0 116.1 288.4 483.8 888.3 
4 124.9 277.0 439 .8 841.7 
8 119.7 281.0 460.2 860.9 
12 124.2 266.8 426.0 817.0 
Mean 121.4 278.3 452.5 852.1 
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The number of branches per plant was not significantly 
affected by aging (Table 60). The number of branches 
increased with days after planting and Hawkeye had more 
branches than Amsoy. 
Table 60. Number of branches per plant of Amsoy and Hawkeye 
planted at McKinney farm, Ames, Iowa, 1969, 
during five stages of growth and development 
Days Varieties 
Days from planting aged Amsoy Hawk eye 
40 0 0.0 0.0 
4 0.0 0.0 
8 0.0 0.0 
12 0.0 0.0 
Mean 0.0 0.0 
60 0 0.6 1.3 
4 1.0 1.2 
8 1.1 1.5 
12 0.9 1.0 
Mean 0.9 1.0 
70 0 1.5 1.7 
4 1.4 1.7 
8 1.6 1.8 
12 1.6 1.7 
Mean 1.5 1.7 
80 0 2.1 2.4 
4 2.0 2.5 
8 2.0 2.3 
12 2.4 1.8 
Mean 2.1 2.2 
116 0 2.3 2.7 
4 2.4 2.4 
8 2.4 2.6 
12 2.4 2.5 
Mean 2.4 2.5 
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Plant height was not affected by accelerated aging 
(Table 61). Plant height increased with time after planting 
and Amsoy produced taller plants than Hawkeye. 
Table 61. Plant height (inches) of Amsoy and Hawkeye planted 
at McKinney farm, Ames, Iowa, 1969, during five 
stages of growth and development 
Days Varieties 
Days from planting aged Amsoy Hawkeye 
40 0 5.3 5.3 
4 5.3 5.2 
8 5.0 4.7 
12 5.2 4.4 
Mean 5.2 4.9 
60 0 20.7 18.6 
4 19.3 19.3 
8 18.6 19.1 
12 20.3 17.7 
Mean 19.7 18.7 
70 0 29.1 26.9 
4 28.0 25.8 
8 28.6 26.0 
12 29.1 25.5 
Mean 28.7 26.0 
80 0 38.8 35.8 
4 38.3 36.1 
8 37.6 34.9 
12 38.4 34.6 
Mean 38.3 35.3 
116 0 48.8 43.7 
4 47.7 43.8 
8 46.5 43.9 
12 49.0 45.1 
Mean 48.0 44.2 
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Aging had no effect on leaf area index (LAI) . The 
highest LAI (Table 62) was at 80 days from planting. There­
after, there was a decline due to shedding of lower leaves. 
Hawkeye had a higher mean LAI than Amsoy at all stages of 
growth and development excepting at stage nine. 
Table 62. Leaf area index (LAI) of Amsoy and Hawkeye planted 
at McKinney farm, Ames, Iowa, 1969, during five 
stages of growth and development 
Days Varieties 
Days from planting aged Amsoy Hawkeye 
40 0 0.57 0.68 
4 0.55 0.66 
8 0.50 0.64 
12 0.55 0.49 
Mean 0.54 0.62 
60 0 2.64 2.88 
4 2.15 2.72 
8 2.22 2.87 
12 2.54 2.57 
Mean 2.39 2.76 
70 0 2.92 3.00 
4 2.83 2.79 
8 2.83 3.03 
12 2.93 2.91 
Mean 2.88 2.91 
80 0 4.01 4.35 
4 3.89 4.24 
8 3.95 4.32 
12 3.88 4.07 
Mean 3.93 4.24 
116 0 2.85 2.50 
4 2.88 2.71 
3 3.31 2.83 
12 2.71 2.92 
Mean 2.94 2.74 
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The yield results are presented in Table 63. Amsoy 
seeds aged four and twelve days yielded slightly more than 
control seeds by 1.7 and 0.6 per cent, respectively. But 
these differences were not significant. The yield of Hawkeye 
declined with aging. However, seeds aged four days had about 
the same yield as control. The yield differences between 
deterioration levels were not significant. However, the 
yield difference between Amsoy and Hawkeye was highly signifi­
cant in favor of Amsoy. Neither the number of pods per plant 
nor the number of seeds per pod was significantly affected 
by aging (Table 64) . 
Table 63. Yield (grams/40 sq. ft.) of Amsoy and Hawkeye 
planted at McKinney farm, Ames, Iowa, 1969 
Varieties 
Days aged Amsoy Hawkeye Mean 
0 1418.6 1311.2 1364.9 
4 1442.6 1313.6 1378.1 
8 1410.2 1243.2 1326.7 
12 1435.2 1238.0 1336.0 
Mean 1426.7 1276.5 
Hawkeye produced more pods per plant, but less seeds per 
pod than Amsoy. The mean number of pods per plant for Amsoy 
was 37.5 compared to 42.9 for Hawkeye. Amsoy had 2.5 seeds 
per pod while Hawkeye had 2.1 seeds per pod. 
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Table 64. Number of pods per plant and number of seeds per 
pod of Amsoy and Hawkeye planted at McKinney 
farm, Ames, Iowa, 1969 






















Aging had no significant effect on seed size (grams/ 
100 seeds). The mean variety size for Amsoy was 18.4 com­
pared to 18.6 grams/100 seeds for Hawkeye (Table 65). 
Table 65. Seed size (gm./lOO seeds) of Amsoy and Hawkeye 
planted at McKinney farm, Ames, Iowa, 1969 
Varieties 
Days aged Amsoy Hawkeye Mean 
0 18.2 18.8 18.5 
4 18.3 18.8 18.6 
8 18.5 18.3 18.4 
12 18.4 18.5 18.5 
Mean 18.4 18.6 
The analyses of variance for the field experiments are 
presented in Table 66. 
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Table 66. Analyses of variance for Tables 58, 59, 60, 61, 
62, 63, and 64 
Source of variation D.F. Mean squares 
Dry weight of plants 
Ages 
Varieties 







Dry weight of pods (stage 9) 
Ages 3 
Varieties 1 
























Leaf area index 
Ages 
Varieties 

















F value significant at P = 0.05. 
F value significant at P = 0.01. 
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Table 66 (Continued) 
Source of variation D.F. Mean squares 
Pods/plant 
Ages 3 11.8** 
Varieties 1 293.2 
Seeds/pod 
Ages 3 0.007 
Varieties 1 1.6** 
Relationship of evaluation methods 
The correlation coefficients among evaluation methods 
are presented in Table 67. Figure 46 showed that aged seeds 
were most susceptible to seed decaying organisms such as 
Pythium. Both total water soluble sugars and amino-N were 
identical in response to aging. They declined in quantity 
before the glucose content was affected. Viability was 
affected before food reserves. 
Table 67. Correlation coefficients of quality evaluation methods 
Germination 

















*  *  * *  * *  *  *  
Tetrazolium .68 .61 .76 .71 ,66 .67 .53 .54 
GADA .40 .33 .57 .51 .28 .39 .16 .40 
* *  * *  * *  * *  *  * * * *  * *  
Elec. resist. .85 .87 . 83 .92 . 89 . 89 .79 .78 
Respiration 
*  *  
2 4 hrs. .57 .58 .47 .49 .63 .53 .60 .46 
* *  * *  * *  * *  * * * *  *  *  * *  
36 hrs. .78 .80 .76 .82 .80 .81 .75 .74 
* *  * *  *  * *  *  *  *  *  * *  *  
48 hrs. .73 .78 .60 .82 . 86 .76 -78 .67 
* *  * *  *  * *  * *  * *  *  *  
60 hrs. .72 .72 .67 .83 .79 .72 .70 .62 
Amino-N .51 .50 .55 . 84** .56 .54 . 39 .42 
Imino-N .49 .45 .52 .79** .49 .51 .31 .40 
Glucose .50 .42 .62* .58* .37 .49 .26 .46 
Non-reducing 
*  
CHgO .50 .53 .48 .61 .58* .52 .53 .43 
Total CHgO .39 .44 .31 .48 .51 .41 .50 .31 
* 
F value significant at P = 0.05. 
* *  
F value significant at P = 0.01. 
Figure 46. Percentage relative performance of Amsoy and 
Hawkeye combined: nine days germination (A), 
non-treated cold test (B), Amino-N (C), glucose 
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The objectives of this study were to determine the 
relationship between soybean seed quality, seedling vigor, 
field performance and yield. For the purpose of simplicity, 
the discussion is divided into four sections: laboratory, 
growth-chamber, and field tests, and evaluation of vigor 
indices. 
Laboratory Tests 
The germination results indicated that when soybean 
seeds were stored in sealed jars at 12.6 - 13.1 per cent 
moisture and at 40®C, they lost viability rapidly, especially 
after 10 to 12 days of aging (Figures 1, 2, 15, 16, 33, 34). 
Generally, all the seeds were dead at the end of 22 days. 
The retention of seed coat on the cotyledons and the number 
of lesions on the cotyledons increased with loss of viability. 
Also, the swelling of the hypocotyl, especially in Amsoy 
increased with loss of vigor. 
The rapid deterioration with aging at "high" moisture 
and temperature was presumably due to the build up of free 
fatty acids and rancidity which are closely related to de­
crease in viability of oily seeds (Barton, 1961). Also 
associated with loss of viability are reduced enzyme activity, 
malformed, and reduced number of mitochondria in soybeans 
(Abu-Shakra and Ching, 1967). 
The loss of viability was most rapid in the 1968 
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experiment (Figures 15 and 16). This was due to the inad­
vertent use of 1967 carryover seeds for experiment. Although 
the labeling showed that the seeds were tested in December 
1967, they were produced in 1966. This was realized too late 
since the certifying agency did not clearly indicate the 
year of production on the label. The fact that carryover 
seeds were used for the 1968 experiment should be considered 
while interpreting the 1968 results. 
The loss of viability in the 1969 experiment (Figures 33 
and 34) was not as rapid as in the 1967 and 19 68 experiments. 
These results showed that the initial moisture content of 
the seed was more important in accelerated aging soybeans 
than the moisture before aging. 
The use of germination as an index of vigor was simple 
and easy. However, it did not detect slight differences in 
vigor. A seedling with all its essential parts was regarded 
as normal although it might have germinated late and its size 
might be relatively small. 
Both varieties showed a decrease in seedling length with 
aging. However, Amsoy seedling length was increased by 
aging up to 14 days. The seedling length of Amsoy aged eight 
days was 219.5 mm. compared to 178.9 for the control seeds 
(Figure 4). This increase, of 22.7 per cent, was highly 
significant. This increase was primarily due to elongation 
of the hypocotyl. The elongation of Amsoy hypocotyl, as in 
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Ford (Grabe and Metzer, 1969) is normally inhibited at 25°C. 
The elongation after aging was probably due to the breakdown 
of inhibitors of elongation such as ethylene (Holm and Abeles, 
1968). Seedling length was the best visual index of vigor. 
The cold test results (Figures 6, 7, 21, 22, 37, 38) 
showed that seeds became susceptible to adverse conditions 
with loss of vigor. As seeds aged, they became "leaky" due 
to increased permeability of the membranes and seed coat when 
rehydrated. This resulted in the leaching out of organic 
solutes as shown by the low electrical resistance values 
(Figures 8, 25, and 39). Substances such as sugars in the 
leachate that increased with deterioration (Table 47) may 
provide an energy source for seed rotting organisms. The 
cold test results were generally lower than laboratory 
germination and field emergence tests. 
Generally, the GADA values decreased with loss of vigor. 
However, dead seeds had over 50 per cent activity of control 
seeds. Results of excised embryos, cotyledons and seeds 
(Table 44) indicated that the distribution of glutamic 
decarboxylase in the embryo and the cotyledon was almost 
equal. 
These results do not compliment those for corn (Grabe 
1964, 1965a)wheat (Linko, 1961). It should be noted however, 
that whereas the stored food in corn and wheat are in the 
form of starch, the cotyledons of soybeans are mostly living 
tissues. The GADA values showed low correlation with other 
210 
indices of vigor. 
Respiration is a complex and interrelated process which 
plays an important role during germination. The results 
of respiration rates (Figures 28, 29, and Table 45) demon­
strated that as seeds aged, there was a highly significant 
decrease in respiration. The decrease in respiration in 
soybean with aging has been attributed to increase in the 
number of malformed mitochondria. Also a decrease in the 
number of mitochondria in low vigor soybean seeds resulting 
in decrease of their efficiency, has been reported by Abu-
Shakra and Ching (19 67). The increase in respiration with 
time was due to activation of enzymes. Respiration rate was 
more sensitive than germination in detecting difference in 
vigor, Burris e^ a^. (1969) reported that respiration of 
soybeans was a sensitive index of vigor. 
Generally, the total, reducing, and non-reducing sugars 
and glucose content decreased with aging. However, the 
decrease of glucose and reducing sugars was more gradual than 
that of total and non-reducing sugars (Figures 42 and 43). 
The nitrogen fractions also decreased with aging (Figures 43 
and 45) . The reduction in carbohydrate and nitrogen fractions 
was probably due to activation of hydrolytic enzymes and 
respiration during storage at "high" moisture (12.6 - 13.1 
per cent and-elevated temperature (40°C)). The results also 
indicated that deteriorating and dead seed had comparatively 
high content of stored food. Amsoy seeds with 9.5 per cent 
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germination had total sugars 83.5 per cent of control seeds. 
This would indicate that loss of viability was not due to 
the depletion of food reserves. These results compliment 
those of Ching and Schoolcraft (1968). There was no signifi­
cant correlation between nitrogen and carbohydrate fractions 
and germination and growth measurements. 
Growth Chamber Tests 
There was no significant difference in photosynthesis 
between deterioration levels. Photosynthesis declined with 
the age of the leaflet. The mean photosynthetic rates for 
Amsoy after 5, 10, 20, and 40 days from unrolling were 383.0, 
220.4, 94.4, and 57.4 iJl.) ^ /gram/minute respectively (Table 
49). Fuess and Tesar (1968) also reported a decrease in 
photosynthesis with the age of alfalfa leaves. Amsoy had 
a higher photosynthetic rate than Hawkeye. 
The results in Table 37 showed that the emergence rate 
of seedlings decreased with aging. Since photosynthesis 
decreased with the age of the leaflet, seedlings that emerged 
later had comparatively younger leaves. This was probably 
responsible for the lack of significant difference between 
deterioration levels in photosynthesis. 
Respiration rates were not significantly affected by 
aging (Table 50). The youngest leaves had the highest rate 
of respiration due to increased metabolic activity. As the 
assimilative power (photosynthesis) decreased, so also did 
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the respiratory activity. 
Leaf area and specific leaf weight (SLW) were not 
significantly affected by aging. Both leaf area and SLW 
increased with time from planting. The increase in SLW with 
time after planting indicated either the storage of photo-
synthate in the leaves or continual enlargement of cells. 
Accumulation of photosynthate in the leaves would tend to 
reduce photosynthesis (Moss, 1962) . Also, the increasing 
thickness of the leaf would reduce gaseous exchange. The 
decrease in photosynthesis despite the expansion of the 
leaves indicated that leaf age was more important than leaf 
area in photosynthesis. 
Field Tests 
Field emergence decreased with loss of vigor. The 
emergence of deteriorated seeds was erratic. The effect of 
treating seed with Captan was highly significant. However, 
only the emergence of medium and low quality seeds was 
improved. Field emergence results were generally lower than 
laboratory germination results but higher than cold test. 
The number of stands decreased with loss of vigor result­
ing in low yield per unit area (Table 23). However, yield 
per plant increased with loss of vigor. This was due to the 
reduction in plant population resulting in an increase of 
number of pods per plant. Caviness (1966) , working with Lee 
soybean variety, reported that when a "skip" of two feet 
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occurred in a row, the end plants filled in the vacant area 
and there was no reduction in yield. 
The dry matter production of both varieties decreased 
with aging (Tables 7, 24, 58, 59, 69, 70, 71, and 72). Over 
50 per cent of the total dry matter was contributed by the 
leaves 60-65 days after planting (Tables 58, 59, 69, 70, 71, 
and 72) . Thereafter, the pods and the stems contributed the 
greater dry matter of the plants. The decrease in dry matter 
as physiological maturity was due to the shedding of lower 
leaves in the canopy. The plant population with the highest 
leaf area index also had the highest dry matter accumulation. 
Except in 1967 (Table 7) , there was no significant difference 
in dry matter accumulation between deterioration levels. 
Although the growth and the development of low vigor seedlings 
was slow initially, the difference in growth and development 
decreased with time. Amsoy seeds aged 12 days produced total 
dry matter 93.0, 93.9, 99.5, and 101.2 per cent of control 
seeds after 40, 60, 70, and 116 days after planting, re­
spectively (Tables 58 and 59). Dry matter increased with 
time after planting and the differences between population 
means were highly significant. Hawkeye produced more dry 
matter than Amsoy at all population densities. 
Plant height (Tables 9, 25, 61, and 75) and the number 
of branches (Tables 25, 60, and 73) were not significantly 
affected by aging. Plant height increased as population 
increased. Taller plants produced fewer branches which 
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indicated lack of competition with decrease in population. 
The increase in branches per plant in low density population 
indicated that branching was not a major factor in yield 
since plants with the fewest branches had the highest yield. 
Leaf area index was hot significantly affected by deter-
ioriation. Leaf area index accumulation increased with 
population and with time after planting (Tables 26, 62, 76, 
and 77). The decrease in LAI at stage nine was due to 
shedding of lower leaves from the canopy. 
The yield of the 1967, 1968, and 1969 experiments are 
presented in Tables 8, 27, and 63, respectively. In the 
1967, and 1969 experiments, aging had no significant effect on 
yield. Amsoy seeds aged 14 days with 52.0 per cent germina­
tion produced 427.7 grams/13.3 sq. ft. compared to 406.7 grams 
for control seeds at the highest population (Table 8). The 
population mean of Amsoy control and 14 days aged seeds was 
406.9 gm. each. The population mean of Hawkeye control 
seeds produced 340.6 gm. compared to 451.3 gm. for 14 days 
aged seeds (Table 38). In the 1969 experiment, the yield of 
Amsoy seeds aged 12 days was 1435.2 gm./40 sq. ft. compared 
to 1418.6 gm. for control seeds (Table 63). Control, and 
12 days aged Hawkeye seeds produced 1311.2 and 1238.0 gm./40 
sq. ft., respectively. However, there was no significant 
difference in yield between deterioration levels. 
In the 1968 experiment, yield decreased with loss of 
vigor. However, there was no significant difference in Amsoy 
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at and Hawkeye at (Table 27). The inadvertent use of 
carryover seeds should be considered while interpreting the 
results of the 1968 experiment. Secondly the hail of June 
29, 1968, shredded many leaves and bruised stems which later 
resulted in premature breakage of stems. This breakage 
increased lodging (Table 31) resulting in poor quality seeds 
(Table 78). 
In the 19 67, and 1968 experiments, three populations: 
156,816 (P^), 31,636 (Pg), 15,862 (P^), plants per acre were 
established. The populations P^ and Pg were 20 and 10 per 
cent of P^ respectively. However, the yield of Pg and P^ 
were 72,0 and 51.7 per cent of Pj^ respectively in 1967, 
This increase in yield was due to the large pod set at the 
lower plant populations. Pods were set on branches and quite 
close to the ground which might make machine harvesting 
difficult. 
The results of the emergence and yield tests (Figures 11, 
12, 30, 31 and Tables 8, 27, and 63) indicated that there was 
difficulty in establishing stands from low quality seeds. 
Seed rate would have to be increased to obtain a satisfactory 
stand. Once stand was established from low vigor seeds, 
yield was not reduced. These results compliment those of 
corn (Rossman, 1948), mung beans (Rodrigo, 1939), and cotton 
(Christidis, 1954). 
There was no significant difference in the germination 
of seeds harvested from low and high vigor seeds (Table 68). 
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This indicated that induced reduction in seed vigor was not 
heritable. 
Evaluation of Vigor Indices 
Several parameters were used in evaluating seed and 
seedling vigor in the laboratory in this study. An attempt 
will be made to assess these methods in this section of the 
paper. 
The aging method employed in this study was quite useful 
in providing seeds of different vigor within a short time. 
The seeds were relatively free of microorganisms compared to 
other accelerated aging methods. However^ increasing the 
moisture content before storage at 40*C was on a trial and 
error basis. Storage of the seeds without increasing the 
moisture content would reduce handling. However, the seeds 
would have to be stored for more than 22 days to obtain 
dead seeds. 
The laboratory germination test gave the most repro­
ducible results. It was easy and simple. The correlation 
coefficients between germination and other tests such as 
cold test, seedling length, respiration rates, and field 
emergence were highly significant. Germination percentage 
was a good measure of viability but was not sensitive enough 
in detecting slight differences in vigor. This was because 
germination percentage was based on morphological rather 
than physiological basis. A seedling with all essential 
organs was considered viable although it germinated late 
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and its size relatively small. 
The speed of germination or coefficient of velocity 
also gave quite reproducible results. It represented vigor 
and reflected seed deterioration and also provided informa­
tion on the uniformity of germination. However, it tended 
to over estimate vigor since all emerging seedlings might 
not be normal. 
Seedling length was highly correlated with germination 
percentage, field emergence and yield when stands were 
unequal. It reflected vigor more than viability, Amsoy seeds 
aged 18 days with 42 per cent germination produced seedling 
143.6 mm. tall compared to control seeds that produced 187.7 
mm. tall. Seedling length was calculated per seedling, while 
germination percentage was calculated on the number of seeds 
planted. The dry weight of seedling showed poor correlation 
with other indices of vigor. Low quality seeds lost the 
least dry weight from the cotyledons presumably due to 
decrease in mobilization of stored food. The author there­
fore, suggests that the cotyledons (legumes) or the fruit 
(grasses) be excluded from the dry weight of the seedling in 
order to obtain meaningful results. 
The cold test, which measured the ability of seeds to 
survive in cold soil of high pathogenic potential and to 
germinate later under "warm" conditions, was sensitive in 
detecting slight changes in deterioration. The results 
were usually lower than those of laboratory germination and 
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field emergence. It was a "harsh" test on soybeans that 
showed the combined effects of low temperatures and pathogens 
such as Pythium. 
The electrical resistance test, which measured the 
"leakiness" of cell membranes due to physiological deteriora­
tion, was highly correlated with germination percentage, 
seedling length, tetrazolium test, cold test, and field 
emergence (non-treated). The leakage of reserve food provided 
nutritive source for microbial colonization. The electrical 
resistance test was easy and simple and would have practical 
application in detecting the degree of mechanical damage 
to seeds. 
The tetrazolium test, developed by Lakon in 19 48, was a 
good tool for vigor evaluation. The test distinguished 
between live, deteriorating, and dead tissues and detected 
weaknesses in seeds before germination was impaired. The 
staining pattern showed a qualitative "map" of the seed. 
However, the tetrazolium evaluation results generally over 
estimated viability and it needed considerable expertise 
before it could be used as an index of vigor. Colorimetric 
determination of dehydrogenase in the embryo was more sensi­
tive than that of the entire seed in detecting vigor differ­
ences. However, while the colorimetric determination elimi­
nated the ambiguous interpretation of staining pattern, it 
has to be calibrated for each variety. This would be a 
limitation for practical use. 
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The glutamic acid decarboxylase activity showed poor 
association with other vigor tests. There was no con­
sistent quantitative relation among GADA values of both 
varieties. A practical limitation of this test is that GADA 
values would have to be calibrated for each variety. 
Seedling respiration, 36-72 hours after planting, was 
highly correlated with germination percentage, speed of 
germination, seedling length,cold test, field emergence, and 
yield when stands were unequal. The rapidity of the test 
and the high correlation of this complex and interrelated 
metabolic activity makes it a useful tool of vigor evaluation. 
However, there might be pitfalls in interpretation. Mechani­
cally damaged seeds and moldy seedlings might increase in 
respiration with loss of vigor. Another limitation is the 
"moderate" expense of a Gilson differential respirometer. 
The determination of carbohydrate and nitrogen fractions 
provided quick results as an index of vigor. However, the 
results were not as sensitive as respiration in detecting 
vigor differences. 
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SUMMARY AND CONCLUSIONS 
The objectives of this study were to determine the 
relationship between soybean seed quality, seedling vigor, 
and field performance including yield. 
Seeds of Amsoy and Hawkeye soybean [Glycine max (L.) 
Merrill] varieties were artificially aged by storage in 
sealed jars at 12.6 to 13.1 per cent moisture and at 40°C. 
Seeds were removed from storage chancer at intervals and 
subjected to various vigor tests. These tests included: 
germination percentage, speed of germination, seedling growth 
rate, response to cold tests, electrical resistance of seed 
leachates, tetrazolium tests, determination of glutamic acid 
decarboxylase activity (GADA), respiration rates of seedlings, 
determination of carbohydrate and nitrogen fractions, photo­
synthesis and respiration of plants, field emergence, yield 
and other agronomic characteristics such as dry matter dis­
tribution and leaf area index (LAI). 
With aging, germination percentage decreased and seeds 
were generally dead at the end of 22 days. Seedling length 
decreased with deterioration. However, the shoot length 
of Amsoy was increased by aging up to 14 days. Total dry 
weight of seedling was not closely correlated with vigor. 
However, if the cotyledons were excluded, the dry weight 
changes followed vigor quite closely. With aging, the 
susceptibility to seed decaying organisms and seed permea­
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bility increased. Glutamic acid decarboxylase activity 
decreased with loss of viability. However, dead seeds had 
over 50 per cent activity of control seeds. 
The respiration rates of seedlings, taken 12, 24, 36, 
48, 60, and 72 hours after planting, decreased with deteriora­
tion and were highly correlated with field emergence. The 
carbohydrates (glucose, reducing, non-reducing, and total 
sugars) and the nitrogen fraction (amino-N and Imino-N) con­
tents decreased with loss of viability. However, the carbo­
hydrates and nitrogen fraction contents in deteriorating and 
dead seeds were comparatively high. This would indicate that 
loss of viability was not due to depletion of food reserves. 
There was no significant difference between deterioration 
levels in the photosynthesis and respiration of plants grown 
in a growth chamber. Both photosynthesis and respiration 
rates decreased with the age of the leaf, while specific leaf 
weight increased with the age of the leaf. 
Field emergence also decreased with loss of vigor. 
Treating seeds with Captan improved the emergence percentage 
of only medium and low vigor seeds. It was difficult to 
establish stand with low quality seeds. However, if stand 
was established with low vigor seed, yield was not signifi­
cantly reduced. There was no significant difference in 
germination between seeds obtained from low and high vigor 
seeds. This indicated that low vigor as induced by this 
accelerated aging method was not heritable. 
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Table 68. Germination percentage of Amsoy and Hawkeye 
planted at the Agronomy farm, Ames, Iowa, in 
1967, at three population levels (P^, P^, Pg) 
Varieties 
























































Table 69. Dry matter distribution (grams/13.3 sq. ft.) of 
Amsoy planted at Agronomy farm, Ames ; Iowa, 
1968, at P]_ during six stages of growth and 
development 
Days from Days 
planting aged Leaves Stems Pods Total 
44 0 9.9 6.3 16.2 
4 10.4 6.4 —  — —  . 16.8 
8 10.1 6.5 —  — —  16.6 
51 0 12.9 8.9 —  — —  21.8 
4 11.5 8.5 —  — —  20.0 
8 13.3 8.3 — -  —  21.6 
58 0 19.0 15.6 M B 34.6 
4 17.0 14.0 — — — 31.0 
8 18.9 16.1 —  — —  35.0 
65 0 34.4 35.5 H M 70.0 
4 38.5 36.7 —  — —  75.2 
8 33.2 34.7 — — — 67.9 
79 0 87.5 109.0 M M M 19 6.5 
4 93.2 125.2 — — — 218.4 
8 85.4 105.2 — — — 190.6 
113 0 132.0 182.6 350.8 665.4 
4 118.4 172.2 320.0 586.2 
8 113.8 160.6 279.4 553.8 
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Table 70. Dry matter distribution (grams/13.3 sq. ft.) of 
Amsoy planted at Agronomy farm, Ames, Iowa, 1968, 
at Pg during six stages of growth and development 
Days from Days 
planting aged Leaves Stems Pods Total 
44 0 5.0 3.3 — — " 8.3 
4 5.3 3.2 —  — —  8.5 
8 4.9 3.1 — — — 8.0 
51 0 6.5 4.1 M M 10.6 
4 7.4 4.7 12.1 
8 6.4 4.3 — — — 10.7 
58 0 8.2 7.1 — m# — 15.3 
4 9.8 8.2 18.0 
8 8.9 7.6 —  — —  16.5 
65 0 22.4 21.6 itm mm mm 44.0 
4 24.3 25.5 49.8 
8 18.7 17.9 —  — —  36.6 
79 0 66.9 82.4 w» mm — 149.3 
4 67.3 82.4 — — — 149.7 
8 57.9 73.2 — — — 131.1 
113 0 89.6 123.8 240.2 453.6 
4 72.1 92.4 205.0 369.5 
8 80.6 113.0 185.4 379.0 
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Table 71. Dry matter distribution (grams/13.3 sq. ft.) of 
Havrkeye planted at Agronomy Farm, Ames, Iowa, 
1968, at Pg during six stages of growth and 
development 
Days from Days 
planting aged Leaves Stems Pods Total 
44 0 12.0 6.9 —  — —  18.9 
4 11.1 6.8 —  —  —  17.9 
8 9.8 6.2 —  — —  16.0 
51 0 20.1 12.4 M Ha 32.5 
4 14.1 9.7 —  — —  23.8 
8 13.6 9.1 — — — 22.7 
58 0 26.0 20.0 •M 46.0 
4 24.5 18.3 — — — 40.8 
8 21.7 18.0 —  —  —  41.7 
55 0 47.9 44.5 «••MM 92.4 
4 47.1 42.8 — — — 89.9 
8 49.3 46.1 — — — 95.4 
79 0 122.2 153.0 275.2 
4 110.0 132.8 —  — —  243.8 
8 114.2 139.6 — 253.8 
113 0 109.8 194.0 327.9 633.7 
4 137.6 186.6 325.8 641.0 
8 144.2 200.2 372.4 716.8 
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Table 72. Dry matter distribution (grams/13.3 sq. ft.) of 
Hawkeye planted at Agronomy farm, Ames, Iowa, 
1968, at Pg during six stages of growth and 
development 
Days from Days 
planting Aged Leaves Stems Pods Total 
44 0 5.1 2.7 — — — 8.0 
4 4.9 2.9 —  — —  7.8 
8 4.5 2.7 —  — —  7.2 
51 0 8.0 5.0 m-m mm _ 13.0 
4 6.6 4.4 11.0 
8 5.1 3.5 8.6 
58 0 9.7 7.3 ••VMM 17.0 
4 10.4 7.8 — — — 18.2 
8 8.0 6.7 — — — 14.7 
65 0 25.2 21.7 46.9 
4 22.5 18.9 — 41.4 
8 23.1 19.2 — — — 42.3 
79 0 59.5 66.4 —» — — 125.9 
4 71.5 67.7 — — — 139.2 
8 70.7 75.2 — — — 145.9 
113 0 10 8.8 118.4 248.4 475.6 
4 89 .2 101.8 235.4 426.4 
8 100.0 118.6 230.2 448.8 
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Table 73. Number of branches per plant of Amsoy and Hawkeye 
planted at Agronomy farm, Ames, Iowa, 196 8, at 
three populations (P^, P2, P3) during six stages 
of growth and development 
Days from Days HavAgxe 
planting aged P^ P^ P^ P^ Pg Pg 
44 0 0.80 2.54 2.40 1.02 3.46 2.50 
4 0.32 2.58 2.80 0.50 3.94 3.10 
8 0.20 2.58 2.20 0.50 2.66 2.40 
12 0.06 1.30 0.90 0.20 1.48 1.10 
55 0 1.94 4.00 3.90 2.20 5.46 4.50 
4 2.32 3.66 3.70 2.12 4.66 4.50 
8 2.14 3.20 3.64 2.10 4.26 3.10 
12 1.62 2.96 3.20 1.72 4.38 4.50 
58 0 1.68 4.60 4.20 2.48 4.68 4.50 
4 2.06 4.44 4.80 2.20 5.12 4.60 
8 2.06 4.60 3.90 2.22 6.44 4.90 
12 1.92 4.14 4.00 2.00 4.14 4.00 
65 0 2.30 4.26 4.96 2.44 4.86 4.90 
4 2.44 5.14 5.00 2.10 5.40 4.80 
8 2.20 4.43 4.90 1.92 6.20 5.00 
12 1.90 4.08 4.60 1.76 4.80 5.82 
79 0 2.12 7.78 9.08 2.34 6.80 8.10 
4 1.86 8.46 9.60 2.24 8.40 9.60 
8 1.98 8.12 7.80 2.10 7.74 8.40 
12 2.20 8.34 8.90 2.02 8.60 9.30 
113 0 1.86 7.64 8.98 1.64 7.12 7.78 
4 1.98 7.30 6.90 1.74 7.04 7.40 
8 1.96 7.64 7.70 1.66 5.92 7.70 
12 1.80 7.52 8.20 1.76 6.44 7.26 
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Table 74. Number of nodes per plant of Amsoy and Hawkeye 
planted at Agronomy fairm, Ames, Iowa, 1968, at 
three populations (Pj, P2/ P3) during six stages 
of growth and development 
Days from Days 
planting aged Pg P^ ^2 ^3 
44 0 5.82 6,46 6.10 6.46 7.08 6.50 
4 5.84 6.16 6.40 6.42 7.02 6.90 
8 5.96 6.22 6.10 6.70 6.68 6.90 
12 5.08 5.36 5.56 5.66 6.60 6.30 
51 0 7.80 8.08 6.70 8.10 8.80 8.10 
4 7.42 7.88 7.70 7.98 7.88 8.30 
8 7.78 7.60 8.06 7.74 8.26 7.10 
12 6.80 8.04 7.60 7.26 8.32 9.00 
58 0 9.14 9.06 7.86 7.26 8.32 9.00 
4 9.74 8.20 8.70 9.78 10.34 10.40 
8 9.58 8.34 8.60 9.74 10.54 10.70 
12 8.76 9.88 9.50 8.94 11.28 11.70 
65 0 11.26 11.34 10.76 11.40 12.66 12.80 
4 9.60 12.50 11.90 10.34 12.52 12.80 
8 10.06 13.66 12.30 11.62 13.26 12.40 
12 9.98 11.32 11.10 10.48 12.08 12.60 
79 0 13.42 14.56 15.70 13.96 16.42 15.10 
4 13.02 16.06 15.30 12.98 16.14 16.70 
8 13.56 13.80 14.60 13.62 15.04 15.10 
12 14.10 15.46 16.60 13.66 15.00 14.90 
113 0 14.50 18.96 19.10 14.66 19.08 19.30 
4 14.54 17.84 18.24 14.30 19.38 17.40 
8 13.90 19.18 19.60 15.0 6 19.32 18.70 
12 15.78 18.72 19.74 13.92 19.52 17.10 
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Table 75. Plant height (ins.) of Amsoy and Hawkeye planted 
at Agronomy farm, Ames, Iowa, 1968, at three 
populations (Pi, P2, P3) during six stages of 
growth and development 
?rom Days Hawke^e 
planting aged P^ P^ P^ P^ Pg P^^ 
44 0 8.34 5.78 5.76 7.72 5.42 5.28 
4 8.76 5.84 5.58 7.82 5.34 5.46 
8 8.12 5.64 5.52 7.54 5.22 5.72 
12 5.94 5.22 4.74 6.10 4.68 6.30 
51 0 12.68 7.68 7.40 11.06 7.96 6.78 
4 12.18 8.02 7.76 10 .30 7.08 6.84 
8 11.92 7.30 7.90 9.60 6.98 6.04 
12 9.88 8.36 7.94 8.14 6.78 7.28 
58 0 15.46 4.70 8.80 15.00 9.78 8.68 
4 16.02 8.70 9.48 13.70 9.34 9.10 
8 15.22 9.00 10 .08 13.66 9.54 9.28 
12 12.90 11.26 9.64 11.20 10 .28 9.88 
65 0 20.86 13.68 13.54 20.06 13.80 13.26 
4 19.48 15.40 15.36 18.04 13.44 12.88 
8 19.62 15.00 14.24 18.88 14.10 12.56 
12 18.20 13.66 13.90 16.52 12.94 12.00 
79 0 31.56 22.26 21.70 31.32 21.84 18.50 
4 30.56 23.74 32.72 29.40 22.22 19.76 
8 30.14 20.98 21.56 29.60 22.32 19.40 
12 31.44 24.74 23.46 28.66 22.64 22.66 
113 0 31.04 31.44 30.80 30.70 29.48 25. 80 
4 31.36 29.48 28.46 28.50 27.74 24.80 
8 29.88 30.34 31.00 29.38 28.66 24.60 
12 33.18 29.90 30.74 28.16 28.50 25.34 
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Table 76. Leaf area index (LAI) and specific leaf weight 
(SLW) of Amsoy planted at Agronomy farm, Ames, 
Iowa, 1968, with two populations (P., Pg) at five 
stages of growth and development 
Populations 
^2 ^3 Days from Days 
planting aged LAI SLW LAI SLW 
44 0 0.29 4.48 0.15 4.33 
4 0.28 4.84 0.17 4.14 
8 0.31 4.32 0.14 4.36 
58 0 0.60 4.12 0.27 4.02 
4 0.63 3.74 0.30 4.34 
8 0.57 4.32 0.40 4.28 
65 0 1.10 4.12 0.69 4.22 
4 1.20 3.98 0.83 3.88 
8 1.00 4.20 0.61 3.84 
79 0 2.50 4.64 1.80 4.70 
4 2.60 4.62 1.90 4.68 
8 2.30 4.74 1.50 5.08 
113 0 3.10 5.46 2.10 5.72 
4 2.90 5.30 1.80 5.22 
8 2.50 5.88 1.80 5.82 
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Table 77. Leaf area index (LAI) and specific leaf weight 
(SLW) of Hawkeye planted at Agronomy farm, Ames, 
Iowa, 1968, at two populations (P2, P3) with 









LAI SLW LAI SLW 
44 0 0.40 3.94 0.13 5.24 
4 0.38 3.80 0.14 4.52 
8 0.33 4.02 0.13 5.14 
58 0 0.79 4.56 0.32 3.90 
4 0.90 3.56 0.34 3.90 
8 0.79 3.96 0.30 3.82 
65 0 1.60 4.12 0.83 3.88 
4 1.70 3.60 0.74 3.94 
8 2.00 3.24 0.77 3.88 
79 0 3.90 4.08 1.60 4.74 
4 3.50 4.08 2.10 4.46 
8 3.30 4.54 2.00 4.50 
113 0 3.10 4.64 2.80 5.10 
4 3.60 5.04 2.20 5.38 
8 3.60 5.26 2.20 6.04 
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Table 78. Germination per cent of seeds harvested from Amsoy 
and Hawkeye planted at Agronomy farm, Ames, Iowa, 
1968, at three populations (P^, P^) 
Populations 
Variety Days aged Pi ^2 P3 
Amsoy 0 93.8 89.0 81.8 
4 93.6 88.4 81.0 
8 91.6 89.4 83.0 
12 90.2 83.2 80.2 
H aw key e 0 91.8 9 3.8 83.0 
4 94.8 92.0 84.2 
8 92.2 91.6 80.0 
12 93.4 84.4 84.8 
